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The Problematic Red Wolf 

Robert K. Wayne and John L. Gittkman 

Humans hunted this cinnamon-colored predator to near extinction, then saved it. 
Should they have? Some biologists argue that Caras rufus is not a true species at 
all but a crossbreed of gray wolves and coyotes created by environmental disrup¬ 
tions. The authors explain the genetic evidence that red wolves are hybrids—but 
also argue that such creatures still deserve protection. 



Protecting the Greenback 

Robert E Schafrik and Sara E Church 

Counterfeiting, a crime as old as money itself, has long influenced the design of 
American currency’. Unfortunately, with the recent rise of high-quality color photo¬ 
copiers and computer scanners, making bogus banknotes has become easier than 
ever. Next year the U.S. Treasury will retaliate by introducing new bills with more 
extensive anticounterfeiting features. A preview of what to expect. 



Treating Diabetes with Transplanted Cells 

Paul £. Lacy 

Insulin injections have saved the lives of many people with diabetes meOitus, but 
they are not a cure. Very soon, however, medical technology may go to the root of 
the problem by replacing the pancreatic cells such patients need. The major obsta¬ 
cle is preventing the immune system from destroying these grafted cells. Several 
avenues of promising research offer solutions. 



Light in the Ocean's Midwaters 

Bruce H. Robison 


Between the sunlit waters near the surface and the pitch darkness at the seafloor is 
our planet's largest and most fantastic community’, illuminated only by the chilly 
radiance of its luminous natives. Jelly-soft animals 40 meters long, saucer-eyed fish 
and wary squid call this place home. Now tiny submarines and submersible robots 
are ietting humans get a glimpse. 



The Trebuchet 

Paul £. Chevedden, Les Eigenbrod, Vemard Foley and Werner Soedel 

This medieval engine of w^ar could demolish castle walls; modern reconstructions 
can hurl a small automobile 80 meters through the air. The Islamic and Mongol 
empires used it to expand their domains, and the Black Death rode its projectiles 
into Europe. Vet the precision of the trebuchet's pendulumlike architecture also 
seems to have inspired ciockmakers in their craft. 
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Cookstoves for the Developing World 

Daniel M. Kammen 


Call it a low-tech success story: millions of new affordable stoves that efficiently 
bum firewood and other traditional fuels are raising standards of living in poor na¬ 
tions. Building a better cookstove was a challenge, however—one in which local 
women’s groups had to teach their would-be benefactors a few lessons, 

* 

J. Robert Oppenheimer: Before the War 

John S. Rigden 


His name, for most people, is synonymous with the invention of nuclear weapons. 
Yet even before the Manhattan Project, Oppenheimer was a brilliant experimental 
and theoretical physicist, who recognized quantum-mechanical tunneling, described 
how black holes could form and nearly predicted the existence of antimatter. 



Trends in Materials Science 

Plastics Get Wired 

Philip Yam, staff writer 


Transistors and other electronic components have recently been built for the first 
time entirely out of plastics and similar organic polymers. In theory, a new' age of 
bendable, durable, lightweight circuitry might be dawning. Don't sell your copper 
futures yet, though: polymers have a long way to go before they can replace metal 
wires or silicon in most devices. 


DEPARTMENTS 


8 




Science and the Citizen 

Creationism grips US. schools.... 
Are black holes collapsing?... One 
lake up, one lake down.... Regula¬ 
tion of toxins looks sickly.... Insect 
detec tives.... Cancer and H-12.... 
Atom movers and shakers.... 

Mount Pina tube’s muddy aftermath. 
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Return of the Babylonians. 

Technology and Business 

Spying on the environment.... 
Superconductors get tough.... 
Homemade smog. 

Profile 

Skeptic James Randi rips apart 
pseudoscience. 


Letters to the Editors 

Reducing the population.... 
Mental illness and the arts, 

SO and 100 Years Ago 

1945: The electrostatic duster. 
1895; The air up there. 

Mathematical Recreations 

Sometimes rigging an election is 
the only way to get a fair vote. 

Reviews 

Serengeti studies.... Crowd con¬ 
trol..., The physics of God? 


Essay: Anne Eisenberg 
Computer users enthusiastically 
play in the MUD. 
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THE COVER depicts the launch of a small 
car by a reconstructed medieval engine of 
war. Successor to the catapult, the trebuchet 
could hurl missiles weighing a ton or more 
over castle walls, it was sometimes used to 
Loft the bundled corpses of diseased ani¬ 
mals and humans into besieged cities, an 
early form of biological warfare. This mod¬ 
em reconstruction in a Shropshire pasture 
tossed a 476-kilogram Austin Mini 80 meters 
(see “The Trebuchet," by Paul E. Chevedden, 
Les Hgenbrod, Vemard Foley and Werner 
Soedel , page 58). Painting by George Retseck. 


EFFECTS OF THE 
INDOOR ENVIRONMENT 
ON HEALTH 


Edited by James M. Seltzer, MD 

University of California School of Medicine, San Diego 

Indoor pollutants can be damaging to your health or your very life. 
Spores, bacteria, fungi, and toxins of all sorts can be unseen invaders 
of your home or office ventilating system, causing everything from 
headaches to legionnaire's disease, 

Io one of the very few books to tackle this subject. Dr, Seltzer and his 
16 contributors, who represent various scientific disciplines, expertly 
explain the hazards that may be encountered in some indoor environ¬ 
ments and how they can be detected and corrected. 

CONTENTS 

Biologic Contaminants 

James M. Seltzer 

Aerobiology of the Indoor Environment 
Harriet A. Burge 

Ventilation 

William A. Turner; David W.Bmrg, 
and Terry Brennan 

Physical Factors in the Indoor Environment 
Hal I^evin 

The Environmental Evaluation: 

Commercial and Home 

Behzad S. Samimi 

Human Susceptibility to Indoor 
Contaminants 

Rebecca Moscow , farm Kemvanathrm, 
and David L, Swift 

Irritation and Odor as Indicators of 
Indoor Pollution 

William X Cam andj En rit/ue Gnmtt&Muniz 

1995 • 254 pages • illustrated * hardcover • $36 (US) ■ $39 (outside US) 


Send orders to: HANLEY & BELFUS, INC., Medical Publishers 

210 South 13th Street Philadelphia, PA 19107 
Or call: 1.800.962.1892 215.546.7293 FAX 215.790.9330 


The Behavioral Effect of Indoor Air 
Pollutants 

Harvey L Ross 

The SiduB iiilding Syndrome 
M khael Hodgson 

The Medical Evaluation 
Michael Hodgson 

A Systematic Approach to Indoor Air 
Quality for the Building Manager 
Allen C A bend 

The Legal Aspects of Indoor Air and 
Health 
Albert]. Slap 

indoor Air Quality: Research Needs 
Kevin Yale leu hman 

Creating Healthy Indoor Environments: 
A Road Map for the Future 
James M. Seltzer 
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LETTERS TO THE EDITORS 


Controlling the Crowd 

In “Population, Poverty and the Local 
Environment" [Scientific American, 
February], Partha S. Dasgupta omitted 
discussion of the enormous difference 
between reducing total fertility from 
seven children to four (which is rapidly 
being achieved) and further reduction 
from four to three, which is needed to 
reach stability- Dasgupta writes, “I know 
of no ecologist who thinks a population 
of 11 billion (projected for the year 
2050) can support itself*” I will go fur¬ 
ther and state that I know of no scien¬ 
tist who has realistically identified the 
“policies that will change the options 
available to men and women so that 
couples choose to limit the number of 
offspring they produce" to less than 
three—the target necessary to prevent 
further population growth. 

Donald B. Straus 
Mount Desert, Me. 

A Forgotten Risk 

A female patient of mine was infect¬ 
ed with HIV through sexual contact with 
a male bodybuilder whose only risk fac¬ 
tor was sharing needles to inject ana¬ 
bolic steroids. I was disappointed that 
John M. Hoberman and Charles E. Ye- 
salis f “The History of Synthetic Testos¬ 
terone,” Scientific American, Febru¬ 
ary] failed to mention that the Elicit use 
of synthetic testosterone by injection is 
a route for the spread of HTV. Half of 
the one million anabolic steroid users 
In the U.S. rely on injection. The spread 
of HIV infection through shared nee¬ 
dles may become the most significant 
chapter in the history of synthetic 
testosterone. 

Josiah D* Rich 

Miriam Hospital, Brown University 
Providence, R J. 


Artistic Bias? 

In “Manic-Depressive Okies s and Cre¬ 
ativity” [Scientific American, Febru¬ 
ary], Kay Redfield Jamison fails to dem¬ 
onstrate anything more than a statisti¬ 
cal correlation between mental illness 
and artistic creativity. It seemingly nev¬ 
er occurs to her that there may be a sim¬ 


ple Darwinian explanation for this cor¬ 
relation Perhaps those segments of the 
mentally ill population possessing ex¬ 
traordinary abilities in professions not 
requiring significant accountability (such 
as painting or waiting) are able to sur¬ 
vive and reproduce, whereas those sim¬ 
ilarly gifted in high-accountability pro¬ 
fessions (such as engineering or medi¬ 
cine) are weeded out. This interpretation 
might also explain why Jamison's “mad 
geniuses" are predominantly male* His¬ 
torically, women have had only one ca¬ 
reer option; motherhood, a high-ac- 
countability vocation. 

Colleen A* Cannon 
Berlin, Germany 

Jamison states that “recent studies 
indicate that a high number of estab¬ 
lished artists—far more than could be 
expected by chance—meet the diagnos¬ 
tic criteria for manic-depression or ma¬ 
jor depression.” She later states that 
“the common features of hypomania 
seem highly conducive to original think¬ 
ing; the diagnostic criteria for this phase 
of the disorder include ‘sharpened and 
unusually creative thinking and in¬ 
creased productivity.' ” It strikes me that 
the reasoning in this article is some¬ 
what circular, 

James Altlzer 
Sunnyvale, Calif. 

Jamison replies: 

Cannon's suggestion that individuals 
having mood disorders will gravitate 
toward artistic professions is to some 
extent certainly true, but I cannot agree 
that the arts are without significant ac¬ 
countability. Conversely , there is a great 
deal of anecdotal evidence—though un¬ 
fortunately little systematic research- 
linking accomplishment in other fields, 
including science and business, to man¬ 
ic-depressive illness. (Since the publica¬ 
tion of my article, I have been deluged 
with letters from scientists describing 
their experiences with the illness.) “High 
accountability” fields such as medicine 
and motherhood do not in fact have 
lower rates of mood disorders. Several 
studies have found an Increased rate of 
mood disorders among physicians, and 
women are twice as likely as men to 
suffer from depression and equally like¬ 
ly to develop manic-depression. 

I have discussed the issue of circular¬ 


ity in detail in Touched with Fire. Dis¬ 
tilling a 370-page book into a short ar¬ 
ticle inevitably results in omissions and 
oversimp lifications. 

Plutonium Puzzles 

Demanding that other nations forgo 
the use of commercially valuable recy¬ 
cled fissile material, as suggested by 
the Nuclear Control Institute in Tim 
Beardsley's news story “Pass the Pluto¬ 
nium, Please” [“Science and the Citizen,” 
Scientific American, March], will en¬ 
sure the failure of the Nuclear Non-Pro¬ 
liferation Treaty. Use of plutonium to 
generate energy gets rid of the long- 
lived transuranic elements, which oth¬ 
erwise would remain radioactive for 
thousands of years. To deal with the 
proliferation risk, we should take the 
plutonium that already exists and per¬ 
manently destroy it via transmutation 
in nuclear reactors* 

Gilbert j. Brown 
University of Massachusetts 
Low r ell, Mass. 

The real, albeit small, possibility that 
Yucca Mountain in Nevada may not be 
an acceptable site for the permanent 
disposal of spent nucleaT fuel highlights 
the importance of establishing a tem¬ 
porary storage facility. The present sit¬ 
uation involves de facto storage at 70 
nuclear power plants, which were not 
designed to maintain the material for 
extended periods. The result is higher 
costs for electric utility ratepayers, who 
have already paid more than $10 bil¬ 
lion into the nudear waste fund. Reform 
legislation is needed lhat would allow 
the Department of Energy to establish 
an interim storage facility. Such a facil¬ 
ity would sorely demonstrate needed 
progress toward establishment of a 
permanent disposal system* 

Theodore M. Besmann 
Oak Ridge National Laboratory 
Oak Ridge, Tenn. 


Letters selected for publication may 
be edited for length and clarity. Unso¬ 
licited manuscripts and correspondence 
will not be returned or acknowledged 
unless accompanied by a stamped T self- 
addressed envelope. 
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50 AND 100 YEARS AGO 


JULY 1945 

A s a result of a new development in 
.injection molding, the wooden heel 
cores of women's shoes can now auto¬ 
matically be given an evenly distribut¬ 
ed coating of cellulose acetate approxi¬ 
mately Vie inch thick. The new plas- 
tics-covered heels, which are said to 
have wearing qualities far exceeding 
those of any other shoe, will not scratch 
or scuff, nor will the coating wear off, 
split, or peel. The improved heels can be 
made in any size, shape, or style and 
can be made with either dull or glossy 
finish in practically every color." 

“An interesting new device is simply 
a giant pillow used to jack aircraft on 
soft ground or after they have made 
crash landings. The equipment weighs 
220 pounds and comprises a set of 
three bags and one gasoline-engine- 
driven blower or compressor. Each bag 
when inflated is six feet high and can 
support 12 tons. Even a motorist might 
at times like to have something of the 
kind instead of painfully manipulating 
a conventional automobile jack," 

“Preliminary details have been worked 
out for what is believed to be the first 
all-welded hospital building in 
the country. It is proposed that 
the framework of the new unit, 
to be knovrn as Kahler Hospi¬ 
tal, located in Rochester, Minn., 
will he designed as a continu¬ 
ous structure of beams and 
their connecting members. In 
preparing the specifications, 
the architects discarded all 
concepts of riveted construc¬ 
tion, which tends to restrict 
the range of application of cer¬ 
tain welding details." 

“Activated carbon, a chemi¬ 
cal cousin of both diamond 
and coke, is a powerful tool of 
many increasing uses, ranging 
from life-saving service in gas 
masks to salvage of a host of 
valuable materials. Activated 
carbons can be tailor-made to 
fit various needs, and, accord¬ 
ing to Drs. Ernst Berl and Wal¬ 
ter G. Berl of the Carnegie In¬ 
stitute of Technology, the 
large, pitted, and porous sur¬ 
face is a powerful tool for the 


adsorption, elimination, or recovery of 
a host of desirable and undesirable 
substances.' ” 

“Looming on the horizons as some¬ 
thing that industry has ready for the 
housewife is what has been called 'auto¬ 
matic dusting. 1 Actually, it is a part of 
an air-conditioning system that, by elec¬ 
tronic means, removes dust from the 
air before it has a chance to settle on 
furniture and hence reduces the dust¬ 
ing chore to a minimum. The ‘automat¬ 
ic duster 1 makes it unnecessary to dust 
more than once a month." 



JULY 1895 

U sually at this season there are calls 
for colored fires; on account of their 
poisonous and explosive nature, the ut¬ 
most care in their manipulation is nec¬ 
essary. In the preparation of colored 
fires the ingredients, which should be 
perfectly dry, must be separately pow¬ 
dered and sifted through a hair sieve, 
and put into well stoppered, wide 
mouthed bottles until ready for mixing. 


Sulphur, and the salts of the poisonous 
metals—antimony, arsenic, mercury, 
etc,—should not be used in making col¬ 
ored fires for indoor use.” 

“The richest and most complete bath 
yet found in the remains of Pompeii has 
recently been discovered. It is a large 
building, with sculpted basins, heating 
apparatus, lead pipes, and bronze fau¬ 
cets. The walls and floor are tiled. Ev¬ 
erything is in an almost perfect state of 
preservation, owing to the roof having 
remained intact when the city was bur¬ 
ied in the year 79." 

“The eminent naturalist Thomas Hen¬ 
ry Huxley died on the 29th of June 1895, 
his mind remaining clear to the last. His 
death now leaves Herbert Spencer the 
sole survivor of the grand quartet of 
mental giants, Darwin, Tyndall, Huxley 
and Spencer, who succeeded in forcing 
their views regarding man's relations to 
lower forms of life and to the cosmos, 
commonly called ‘evolution,' upon an 
unwilling and recalcitrant public.” 

“The most interesting phenomena of 
the atmosphere take place in the almost 
inaccessible parts, but ballooning and 
mountain observatories have led to 
some unexpected findings at 
these altitudes. Namely, many 
clouds which had generally 
been regarded as consisting of 
vapor are composed of minute 
crystals of ice; also, at differ¬ 
ent heights the direction of the 
wind is different, and the tem¬ 
perature does not get steadily 
lower as the earth becomes 
more distant, but alternate lay¬ 
ers of hot and cold air were 
encountered." 

“Among the ruins left upon 
the ground by Spanish troops 
after the 1868 Cuban insurrec¬ 
tion were a large gear wheel 
and a fly wheel. These are 
shown in our engraving as they 
now appear after a lapse of 25 
years, during which time a ja- 
guey tree has sprung up be¬ 
tween the spokes of the gear 
wheel. The growth of this tree 
gives some idea of the Cuban 
flora and the rapidity with 
which it springs up and 
spreads over the ground." 



Relics of a Cuban insurrection 
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SCIENCE AND THE CITIZEN 


Darwin Denied 

Opponents of evolution make gains in schools 


A ntievoiutiomsts are using a new 
/ V weapon in their fight to bring 
the supernatural into science 
currieulums. The U.S. Supreme Court 
held eight years ago that compelling 
public schools to teach “creation sci¬ 
ence,” a doctrine that argues that sci¬ 
ence supports special creation, was un¬ 
constitutional. But opponents of Dar¬ 
winian evolution are currently pushing 
“intelligent design,” a theistic formula 
that posits an unnamed intelligent 
force to explain the diversity of life. 

Volume orders of a glossy textbook 
promoting this thesis, Of Pandas and 


People: The Central Question of Biologi¬ 
cal Origins, by Percival Davis and Dean 
H. Kenyon, have been shipped to public 
schools in more than 12 states, accord¬ 
ing to the book's copyright holder, the 
Foundation for Thought and Ethics in 
Richardson, Tex. Director Jon A. Buell 
says the organization has sold 19,000 
copies. The text informs students that 
evolutionary theory is incompatible with 
life’s complexity, which "owes its origin 
to a master intellect”; it fails to mention 


that almost all biologists conclude that 
evolution is the only plausible scientific 
explanation of life. Buell has written to 
supporters asking for prayers and invit¬ 
ing readers to become part of a “quiet 
army" opposing the “metaphysical nat¬ 
uralism” of other textbooks. 

Because Pandas scrupulously avoids 
suggesting divine creation, it may elude 
the 1987 Supreme Court ruling, which 
was based on the conclusion that crea¬ 
tion science is actually religion The book 
leaves its intelligent force unnamed— 
"like Hamlet without Hamlet,” as one 
wit describes it Buell counters that Pan¬ 


das is not religious, although it is "con¬ 
genial to theism." Critics are, however, 
underwhelmed by the distinction. One 
reviewer, Kevin Padian of the University 
of California at Berkeley, wrote that the 
book was “fundamentalism in disguise.” 

Buell refuses to specify where Pan¬ 
das is being used. But the school dis¬ 
trict of Louisville, Ohio—where creation¬ 
ism was taught until the American Civ¬ 
il Liberties Union (ACLU) threatened a 
lawsuit in 1993—has accepted a dona¬ 


tion of between 100 and 150 copies, ac¬ 
cording to the ACLU’s Raymond Vasvari. 

Pandas seems to mark a trend. Euge¬ 
nie C. Scott of the National Center for 
Science Education in Berkeley, Calif., 
which monitors creationist activity, says 
antievolutionary sentiment is strong in 
many small towns. Although there are 
no national data, a 1991 survey of Kan¬ 
sas biology teachers by J. Richard 
Schrock of Emporia State University 
found that one in four favored giving 
creationism and evolution equal time. 
Schrock also notes there was a flurry of 
pro-creationist pickets of schools after 
last November’s elections. 

“Antievolutionism seems to be hav¬ 
ing a resurgence," agrees Ellen Chatter- 
ton of Americans United for Separation 
of Church and State. She points 
out that groups headed by the 
Christian Coalition are placing 
supporters on school boards 
and state committees across the 
country. The representatives 
typically argue that children 
should be given the benefit of a 
variety of theories. 

.Alabama is one case in point. 
Under the 1987 ruling, teachers 
are not prevented from advo¬ 
cating creationist ideas. After 
the intervention of Alabama’s 
governor. Fob James, and mem¬ 
bers of the Eagle Forum, a Chris¬ 
tian organization that opposes 
sex education, the state board 
g of education recently accepted 
| a science course modified to re- 
x move obstacles to “creation sd- 
£ enee.” John C. Frandsen of the 
| Alabama Academy of Science 
i predicts the religious right will 
5 make a “strenuous effort” in 
September to gain state ap¬ 
proval for a nakedly creationist 
book or for Pandas: 

Similar clashes are occurring else¬ 
where, Voters in Plano, Tex., threw tw r o 
pro -Pandas members off the school 
board in May in a bitterly contested 
election. In Merrimack, N.H., a local Bap¬ 
tist minister has promised to launch a 
second attempt to develop a creation¬ 
ist curriculum^and has packed school 
board meetings with supporters. 

Scott notes that almost all seminary- 
trained rabbis and minis ters from most 
Christian denominations accommodate 



DIORAMA at a creationist museum in California distinguishes between "correct " and “evil” 
practices „ The second set , adorning the evolutionary tree, includes “scientism” 


8 Scientific American July 1995 













[T hree principles guide this journal: it affords 
I an integrated view of modern oncology 
across all disciplines; it must provide a forum 
that will encourage research and reporting 
[ of new modalities; and it must be a place 
where translational research — the interface 
between laboratory and clinic — is explored and 
furthered. It is a forum to all who are interested 
in cancer in the laboratory, at the bedside, or for 
those trying to bridge the two domains. 


The journal highlights clinical studies evaluating 
state of the art applications of medical, surgical, 
and radiation oncology, alone or in combination. 
It emphasizes studies that may have implications 
for ocher disciplines; for example, medical and sur¬ 
gical treatment of metastases, modification of the 
metastatic process, conformal radiotherapy, 
drug-dose intensity, cancer vaccines, and manipu¬ 
lation of the cell-cycle checkpoint genes. 



Edited by Vincent T. DeVita, Jr., M.O., Director, Yale Cancer 
Center, Professor of Medicine, Yale University School of 
Medicine; Samuei Heilman, M.D., A.N. Pritzker Distinguished 
Service Professor, Department of Radiation and Cellular 
Oncology, University of Chicago; Steven A. Rosenberg, M.D., 
Pii.D., Chief of Surgery, National Cancer Institute, Bethesda 

FORWARD ORDERS TO ADDRESS BELOW or 
FAX 1-212-980-3062 

YES, enter my one year subscription to The Cancer journal from Scientific American: 
□ Individuals @ US$99.00 □ Institutions @ U$$IS5.G0. 


Each bi-monthly issue contains six original articles 
as well as a column by the Editors, commentaries, 
and a feature titled "A New Perspective" that 
enriches the discussion and provides an interactive 
quality to the journal. Further enhancing this 
interactive quality is the journal's availability 
through Scientific American On-Line, already 
available through the America Online Information 
utility. 

Please send orders to: 

SCIENTIFIC AMERICAN 

415 Madison Avenue, New York, NY 10017, USA 


Name_ 

Address 


City_ _ State __Zip 

□ Enclosed Is my check made payable to Scientific American, Inc, 

□ Bill me — attached Is PO #_ _ _ 

Change my credit card: DVISA □ MasterCard DAHEX □ Access □ Eurocand 

Account #_Exp. Date_ 

Signature_ 

Outside the United States and Canada call 212-754-0550 or FAX 212-980-3062. 

Add US$10.00 for orders to Canada and add US$15.00 for orders outside the U.S. 
and Canada. Add US$60.00 for airmail delivery outside the U.S. and Canada. 
Orders from outside the U.S, and Canada must be prepaid and paid with U.S. funds 
drawn on a US. bank. Canadian residents price includes 7% GST. GST # RI27387652. 
Quebec residents please add QST. 


V7205 



































evolution. Only biblical iiteralists are 
genuinely conflicted by Darwinism. Yet 
among the lay public the perception is 
widespread that naturai selection is in¬ 
imical to all religious belief. "The only 
tiling we are against is bad science," 


ver the past three decades* riv- 
f 1 ers feeding the Aral Sea in for- 
merly Soviet central Asia have 
been increasingly diverted for irriga¬ 
tion, and as a result its water level has 
plummeted. So sudden has been the 
drop—some 15 meters in the past 20 
years—that fishing boats, once ground¬ 
ed in shallows, were completely 
isolated from the retreating shore¬ 
line and have rusted amid the 
newly formed dunes. 

This scene has become some¬ 
what of an environmental symbol. 

In his 1992 book, Earth in the Bal¬ 
ance, Vice President A1 Gore used 
the powerful image of camels 
walking past derelict "ships of the 
desert” to show the dangers of in¬ 
terfering with nature. The U.S. 
Agency for International Develop¬ 
ment has instituted programs to 
aid communities surrounding the 
shrinking sea* and the World Bank 
may fund a restoration project. 

But the lessons to be drawn from 
central Asia are not so straightfor¬ 
ward. For although the Aral Sea is 
indeed emptying, the nearby Cas¬ 
pian Sea—a much larger body of 
water—is rising. 

Like the Aral, the Caspian long 
appeared to be obeying an elemen¬ 
tary principle of hydrology: river 
modification upstream leads to 
less water downstream. For de¬ 
cades the Caspian's height moved 
in concert with efforts to harness 
inflowing rivers* such as the Vol¬ 
ga. In the i 930s numerous hydroelec¬ 
tric dams w r ere erected* and the Caspi¬ 
an fell; during World War H* such proj¬ 
ects were suspended* and sea level 
stabilized. After the war, construction 
of dams and reservoirs intensified, and 
sea level dropped further. 

In 1977 a strange turnabout occurred. 
Human use of die rivers continued to 
grow ? , but the Caspian began inexplica¬ 
bly to rise. Soviet hydrologists initially 
considered the shift to be a temporary 
aberration and completed a dam to iso¬ 
late the shallow Kara-Bogaz Bay on the 
eastern shore. Cutting off evaporative 
loss front the bay was seen as a way to 
slow r the overall decline in sea level. 


Scott says. “Sooner or later we are going 
to have to go to court over PandasS Giv¬ 
en the depth of feeling on both sides* 
perhaps nine important justices in 
Washington had better start reading up 
on intelligent design, —Tim Beardsley 


But the Caspian kept on swelling. Be¬ 
cause many settlements and industrial 
sites were finding themselves underwa¬ 
ter, the government of Turkmenistan 
decided in 1992—after the sea had risen 
tw r o meters—to breach the Kara-Bogaz 
Dam. “The approach they used in earlier 
years was that ‘we can change nature” 


say’s Sergei N, Rodionov* formerly of the 
State Oceanographic Institute in Mos¬ 
cow. “Now the approach is the oppo¬ 
site." Although resigned to let nature 
take its course, scientists nonetheless 
would Mice to understand what is hap¬ 
pening and why. 

Most researchers attribute the rise to 
changing weather patterns over the 
Caspian drainage basin: more precipi¬ 
tation increases river influx. Several 
Russian scientists argue* however, that 
recent tectonic shifts in this geological¬ 
ly active region might also contribute 
by affecting the seafloor. Other Russians 
have suggested that water from the 
Aral—perched some 70 meters higher 


in elevation—may be flowing under¬ 
ground into the Caspian, deftly explain¬ 
ing the seesawing levels of both. 

Philip P. Micklin of Western Michigan 
University a leading American special¬ 
ist on the Aral Sea, discounts that idea 
as “totally crazy.” He points out that 
there is not enough water being lost 
from the Aral to account for the Caspi¬ 
an's rise and that increased discharge 
from the Volga clearly indicates wliere 
the excess water is coming from: “Why 
look for far-out explanations when it's 
clear what’s happening?” 

Micklin does recognize* however, that 
alternating phases in these neighboring 
inland seas take place. He notes that 
the Amu Darya River* which currently 
feeds the Aral from the south, has been 
known to flow through its left bank 
and empty into Lake Sarykamysh 
to the west. That body, in turn, 
spills into the Caspian. Such re¬ 
direction probably happened re¬ 
peatedly in the past* sometimes 
spurred on by invading armies. Be¬ 
cause flow of the .Amu Darya to¬ 
ward the Aral has depended on 
dikes and dams upriver, their de¬ 
struction has at rimes raised Sary¬ 
kamysh and Lowered the .Aral. 

Past acts of strategic environ¬ 
mental manipulation may explain 
why Dimitriy O. Eliseyev of the 
Leningrad Pedagogical Institute 
found submerged tree stumps in 
the northern Aral in 1990. The an¬ 
cient trees showed that the sea 
was once even lower. According to 
Micklin, ITS. and Russian research- 
| ers established that the trees grew 
£ for several decades* about 400 
< years ago. This period corresponds 
* to the years that the Amu Darya 
£ last flowed west toward the Caspi- 
f an, before shifting north in 1575 
§ to feed the Aral. 

2 Thus, the conviction that hu¬ 
mans could bend nature to suit 
their will apparently held well be¬ 
fore the Soviets arrived in central 
Asia. Yet Russian planners seemed to 
show an unmatched enthusiasm for 
such pursuits. They even worked out a 
strategy for feeding the Caspian and 
Aral seas by diverting river water Lbat 
was flowing into the Arctic Ocean. 

Had the political and meteorological 
winds sweeping the Soviet Union been 
delayed, planners might have been able 
to pursue their grand schemes for di¬ 
version. Such efforts may well have 
proved their premise—"We can change 
nature”—correct* although catastrophic 
Caspian flooding might not have been 
the change they were expecting. As it 
is, the rise and fall of two seas remains 
hard to handle. —David Schneider 


On the Level 

Central Asia’s inland seas curiously rise and fall 



DESERT SHIPS haunt dry pan ions of the Aral Sea. 
The nearby Caspian, meanwhile, keeps rising. 
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BLACK HOLES abound in science fiction , such as the 1979 film The Black Hole, but some physicists stitl doubt their existence , 


Bashing Black Holes 

Theorists twist relativity to eradicate an astronomical anomaly 


B lack holes breed paradoxes. Al¬ 
though black holes are being "dis¬ 
covered" with numbing regularity 
these days, many prominent physicists 
still consider them far from demon¬ 
strated, “1 don't believe in black holes, 1 ' 
declares Philip Morrison, a physicist at 
the Massachusetts Institute of Technol¬ 
ogy (and a longtime book reviewer for 
this magazine). 

Such doubters are heartened by two 
recent theoretical attempts to stamp 
out black holes—or at least their more 
far-fetched aspects. Both proposals ac¬ 
cept (as Morrison does) that space har¬ 
bors objects that are extremely massive 
and dense; astronomers have found 
ample evidence for such gravitationally 
powerful beasts. But the theories modi¬ 
fy general relativity—Einstein's theory 
of gravity—in order to make these ob¬ 
jects more sensible. 

According to conventional relativity, 
black holes are not just dense but in¬ 
finitely dense; in their hearts, which are 
called singularities, space, time and 
causality itself are mangled beyond 
recognition. So obscene are black holes 
that they must be hidden from the rest 
of the universe by membranelike event 
horizons, which also strain credulity. 
Time runs so slowly in an event hori¬ 
zon, relative to the rest of the universe, 
that anything falling into it is stuck 
there, seemingly, for eternity. Outside 
observers thus never actually see any¬ 
thing fall into supposedly voracious 
black holes. 

A proposal advanced by Huseyin Yil- 
maz, a physicist affiliated with Tufts 
University and Hamamatsu Photonics in 
Japan, would eliminate these paradox¬ 
es. Since the 1950s Yiimaz has tried to 
construct a theory that preserves Lhe 


basic framework of general relativity 
while doing away with its more anoma¬ 
lous effects. Only recently has Yiimaz 
produced what he considers to be a 
consistent version of his idea, 

Yiimaz modifies general relativity by 
assuming that a gravitational field, as a 
form of energy, also tugs on itself. As 
one colleague of Yiimaz has put it, 
“Gravity gravitates.’ 1 The addition of this 
factor, for various technical reasons, 
would prevent large masses from un¬ 
dergoing the catastrophic collapse that 
spawns both singularities and event 
horizons, 

Yiimaz has an enthusiastic supporter 
and collaborator in Carroll O. Alley of 
the University of Maryland, The propos¬ 
al is a “well-defined alternative” to gen¬ 
eral relativity that "makes a lot of sense," 
Alley declares. Papers by Yiimaz and 
Alley have been published in the 1995 
Annals of the New York Academy of Sci¬ 
ences. Alley notes that Einstein himself 
was appalled at some of the odd pre¬ 
dictions of his account of gravity. “We 
regard this as the completion of Ein¬ 
stein's work,” Alley says. 

But John W, Moffat of the University 
of Toronto hardly agrees. According to 
his analysis, the Yiimaz theory might 
eliminate event horizons but not singu¬ 
larities. That interpretation would leave 
the singularities "naked,” Moffat adds in 
horror, “This is a disaster," Of course, 
Moffat may be biased: he prefers his 
own modified version of general relativ¬ 
ity. Together with a graduate student, 
Neil J, Cornish, Moffat describes his 
work in this month's Journal of Mathe¬ 
matical Physics. In their take on relativ¬ 
ity, space-time may be twisted as well 
as bent in response to the presence of 
a large mass; the addition of this extra 


“torsion" parameter ousts event hori¬ 
zons and singularities. 

Moffat claims his hypothesis also 
whisks away one of the most troubling 
problems of modem theoretical phys¬ 
ics. Various theorists, notably Stephen 
W. Hawking, have argued that Etnsteini- 
an black holes destroy information and 
thereby violate basic notions of cause 
and eifect. But if there are no Einsteini- 
an black holes, Moffat contends, there 
is no information loss. 

Both Yiimaz and Moffat are trying to 
find ways—short of visiting black 
holes—to test their hypotheses. Ironi¬ 
cally, Yiimaz’s work helped to inspire 
an experiment that might falsify his 
proposal. In the late 1950s a physicist 
named George Pugh, after hearing Yii¬ 
maz present an early version of his mod¬ 
el, proposed a complex experiment—in¬ 
volving a gyroscope in a weightless en¬ 
vironment—that would rigorously test 
general relativity. Pugh's plan, combined 
with others, evolved into the $ 500-mil¬ 
lion Gravity' Probe R Relativity Mission. 
The experiment is scheduled to be 
launched on board a rocket in 1999. 

Most theorists think Einstein’s version 
of relativity is far more likely to survive 
such a test than are the alternatives. 
The Yiimaz suggestion is "junk," "gar¬ 
bage, 11 “not even a real theory," sneers 
Gilford M. Will of Washington Univer¬ 
sity. The Moffat account, while more 
deserving of respect, also suffers from 
technical problems, Will says. But then, 
he confesses he does not believe there Is 
really a need for such theories, because 
he does not consider singularities and 
event horizons to be so odd: "These 
other theories are much more exotic,” 

Morrison, needless to say, disagrees. 
The proposals by Yiimaz and Moffat 
could come to naught, he says, but 
they are nonetheless “examples of 
what you need to have” to make astro¬ 
physics sensible again. —John Morgan 
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Fright of the Bumblebee 

Bugs at the scene of the crime aid police 



MOSQUITO may someday aid detectives by 
serving up a suspect's DNA. 


W hat do you call a blood¬ 
hound with wings? If 
you answered Callipho - 
ra vicina, Lucilia fflustris, Fftor- 
mia regina or any other species 
of blowfly, go to the head of the 
class. Better yet, go to the police. 

Your expertise may help them 
put murderers behind bars. 

In recent years law-enforce¬ 
ment officials have started to ap¬ 
preciate the creeping clues that 
coroners used to wash down the 
drain. The stomach-turning fact 
is that any dead body left unat¬ 
tended will begin to attract in¬ 
sects, especially blowflies, al¬ 
most immediately. Those bugs 
can reveal all kinds of informa¬ 
tion about the time of death and 
the scene of the crime. 

“Our approach is an ecological 
one/' says Robert D, Hall, profes¬ 
sor of entomology at the University of 
Missouri-Columbia and a member of 
the Council of American Forensic Ento¬ 
mologists—a group of 12 or so experts 
who regularly assist in criminal investi¬ 
gations, (For obvious reasons, they also 
go by the name “The Dirty Dozen.") The 
flies that quickly infest a corpse lay eggs 
that go through a well-understood se¬ 


quence of lime-dependent metamorphic 
stages. Further, waves of new insects, 
such as beetles, arrive at the scene at 
standard intervals to feed on the de¬ 
composing body and the fly maggots. 

“After the discovery of the corpse, 
sampling of the insects stops a biologi¬ 
cal dock, which we can use to date back 
to the time of death of the victim; 1 ex¬ 



Artistic Genes 

P utting a date on ancient art can be 
tough, and resolving the list of in¬ 
gredients in the paint is particularly dif¬ 
ficult. Now, for the first time, research¬ 
ers have used DNA analysis to identify 
the animal tissue in 4,000-year-old rock 
paintings. A group led by Marian Hy¬ 
man and Marvin W. Rowe of Texas A&M 
University examined figures similar to 
this one, found near the Pecos River in 
Texas. By analyzing fragments of DNA 
preserved under a layer of minerals, the 
team discovered that the pigments con¬ 
tain material from an ungulate, or even- 
toed hoofed mammal—ruling out egg 
albumen or yolk, which had been sug¬ 
gested. In that area of Texas, such ani¬ 
mals were most likely bison or deer; the 
scientists are conducting further tests to 
determine which of the two was used. 
The work may ultimately help archaeol¬ 
ogists understand the images: Was 
deer tissue used to depict only deer? 
Was painting part of a hunting practice? 
The findings, of course, may just add to 
the mystery. — Sasha Nemecek 


plains E. Paul Catts, professor emeritus 
of entomology at Washington State Uni¬ 
versity- Temperature can also affect the 
initial sequence of events, so “you would 
be concerned with what the weather 
conditions were like from the time the 
meat hit the sod,” he adds. 

This estimate of the so-called post¬ 
mortem interval, or PM1, is usually the 
forensic entomologists biggest contri¬ 
bution to a murder investigation. (For 
O. J. addicts: the bodies were very likely 
found too quickly for entomology to be 
a factor.) But insects have also given 
away attempts to falsify a murder scene. 
Because the "seepage area” under a 
corpse develops its own faunal commu¬ 
nity, the area under a relocated body 
hosts insects that indicate a different 
PMJ than do the insects found in the 
body. Species on the corpse that just do 
not belong in a certain environment- 
such as typically urban-dwelling flies in 
a rural setting—can also lead investiga¬ 
tors to the true scene of the crime. 

In cases involving drugs or poisons— 
in which a corpse has decomposed past 
the point of toxicological testing-in¬ 
sects can actually sene as surrogates 
for organs or fluids. “Even though the 
tissues may be gone," notes M. Lee Goff, 
professor of entomology at the Univer¬ 
sity of Hawaii, “whatever drugs or tox¬ 
ins were present will be stored in the 
maggot. By treating the maggot as a 
normal toxicological specimen, you can 
get an indication of what was present 
in the remains." 

Continuing advances in molecular bi¬ 
ological techniques could extend the 
scope of what entomologists tell po¬ 
lice—and could make criminals want to 
fumigate an area before committing 
their nefarious deeds. Scientists have 
been able to extract human DNA from 
blood taken from the gut of insects: lin¬ 
gering mosquitoes collected at a crime 
scene may one day supply police with 
samples of a suspect’s DNA. “The tech¬ 
nology will increase our ability to use 
parasitic insects, such as crab lice, that 
take a blood meal," Goff describes. “This 
can be used to put suspects at the scene 
of a rape, where you have a transfer of 
the parasites." Last year researchers 
from the Federal Bureau of Investiga¬ 
tion and the University of Miami School 
of Medicine studying lice removed from 
volunteers showed that human genetic 
markers could be tracked even in the 
arthropods' fecal pellets. 

Genetic technology could improve 
the identification of some insects them¬ 
selves—which could strengthen their 
role as evidence. “There is plenty of DNA 
work to be done on eggs and larval stag¬ 
es that we can’t identify well morpho¬ 
logically," says Neal H. Haskell, the only 
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full-time forensic entomologist in the 
U.S. in a private consulting practice (and 
the only one whose car sports an Indi¬ 
ana license plate reading “maggot”). 
For now, though, insects most often 
play a supporting role in criminal cases. 
“We can use this unbiased quantitative 
scientific evidence to pin down or re¬ 
fute other physical or testimonial evi¬ 
dence,” Haskell says. On occasion, how¬ 
ever, insects do daim center stage* A 
Tacoma, Wash., case in 1990 featured a 
dead man in bed with a bullet through 
his neck and no indications of a strug¬ 
gle. Cans came up with a PMI based on 
the flies at the scene, and a subsequent 
police canvass of the neighborhood 
turned up repons of a nearby loud par¬ 
ty, featuring gunshots, at the suspected 
time of death, “That case really hinged 
on the fly evidence," Catts says. “Nobody 
broke into the house and shot this guy. 
It was just by chance he got hit.” The 


The Waterfall Illusion 


I n 1834 a Mr. R. Adams wrote in a 
British philosophy journal about an 
optical effect known as the water¬ 
fall illusion. The effect is evoked by star¬ 
ing steadily at a rapidly moving object— 
a waterfall is ideal—and then quickly 
glancing at a stationary object, such as 
a tree. For a brief period, the tree will 


gunman pleaded guilty To manslaughter. 

Although bodies crawling with mag¬ 
gots tend to nauseate most observers, 
Catts and his colleagues often have back¬ 
grounds that have conditioned them 
against squeamishness. Hall's father 
was a blowfly expert. Goff got assigned 
to a pathology laboratory in the army 
in the 1960s and assisted on autopsies* 
Haskell was a sheriffs deputy who han¬ 
dled insect-infested bodies. 

“It’s a grisly field—there's no ques¬ 
tion about that,” Hall admits. “To a cer¬ 
tain extent, that gives it a macabre fas¬ 
cination for people. But I think the em¬ 
phasis should be on the wonderful 
things that can be done with these in¬ 
sects because they're seldom fooled. If 
you ask them the right questions, they 
will give you right answers. As our un¬ 
derstanding improves, we will probably 
have the most effective group of blood¬ 
hounds out there.” —Steve Mirsky 


appear to surge skyward, in a direction 
opposite to the flow 7 of the water, 
Adams could only guess why this il¬ 
lusion occurs, but modern neuroscien¬ 
tists have the tools to discern the neural 
processes underlying w T hat they call the 
motion aftereffect. Researchers work¬ 
ing with one of those tools—magnetic 


resonance imaging (MR1)—have just 
gone a long way toward solving the puz¬ 
zle. Their experiments may offer dues 
about the locus of the most inescapable 
yet elusive of all mental phenomena, 
subjective awareness. 

In the experiments, a group led by 
Roger B. H. Tootell of Massachusetts 
General Hospital had subjects gaze at 
concentric rings expanding outward, 
like the ripples generated by a stone 
dropped in a pond. When the rings 
stopped moving, they appeared to the 
subjects to reverse direction and move 
inw 7 ard for as long as 10 seconds. 

Meanwhile the MRI scans revealed 
what was happening in the subjects’ 
brains. When the subjects watched the 
rings move outward, a section of the vi¬ 
sual cortex called V5 showed marked 
neural activity. This area is considered 
one of the “higher” regions of the visu¬ 
al cortex; it processes and integrates 
signals from places further down in the 
hierarchy (VI, V2 and so on). Previous 
experiments have also indicated that 
neurons in VS respond to motion in 
specific directions (just as other neu¬ 
rons respond to specific colors or to 
lines oriented in certain directions). 
When the rings stopped moving, neural 
activity in V5 increased slightly. 

Tootell notes that some neuroscien¬ 
tists had thought the motion aftereffect 
stemmed simply from the tendency of 
neurons to decrease firing, or become 
habituated, after prolonged exposure 


An odd optical puzzle yields clues to consciousness 


Field Notes 


In the Atomic Corral 

I BM may bring to mind drab blue suits 
and corporate mores, but that impres¬ 
sion is hardly the fault of its scientists. 
Take Donald M. Eigler of the giant's 
Almaden Research Center in San Jose, 
Calif. Dressed in a white shirt, baggy 
gray pants, tennis sneakers and a pur¬ 
ple-splashed necktie that matches his 
watchband, Eigler hardly exudes conser¬ 
vative culture. Maybe that is the privi¬ 
lege of being a scientist—or of living in 
California. In any event, it seems ap¬ 
propriate for someone who spends his 
days and nights shoving atoms around 
one by one using a scanning tunneling 
microscope. 

I met him in March on a journalists’ 
tour of the facilities. After explaining 
his research, Eigler promises to let us 
move individual atoms if there is time 
after stopping by a colleague's lab next 
door. It*s not long after that visit before 
we charge back into Eigler’s lab. I’m not 


sure why everyone wants to push an 
atom around. After all, we all can move 
untold billions of them every second. 

Imaged on the computer screen is a 
blob of atoms—" l BU on the periodic 
table,” Eigler cracks. The microscope, 
which sees by detecting electrons that 
Tunnel between the tip of the micro¬ 
scope and the atom, is housed in an¬ 
other room. Eigler has hooked up his 
microscope to a stereo sys¬ 
tem, which translates the 
tunneling current of elec¬ 
trons into a staticlike hum. I 
poise the cursor over a BL 
atom before clicking on the 
mouse, which lowers the tip 
onto the blob that rests on 
a smooth substrate. Pop! 

An atom has dung to the 
tip. Then J drag the cursor 
across the screen. Clunk! 

The atom has just plopped 
into the next unit cell of the 
molecules that make up the 
substrate* Clunk! Another 
unit cel! over. An updated 
image sweeps across the 


monitor: the blob has moved a tad to 
the left. 

Eigler, of course, is far more adept at 
controlling atoms. Over the years, he 
and his colleagues have used them to 
spell out the company’s logo and to 
draw stick figures with carbon mon¬ 
oxide molecules. He has trapped elec¬ 
trons in atomic corrals, rendering visi¬ 
ble the wave nature of the electron. 

Graphics of his manipula¬ 
tions have graced the pag¬ 
es of several publications. 

Eigler's techniques prom¬ 
ise much more than an en¬ 
tertaining sound-and-video 
show. The scanning tunnel¬ 
ing microscope could store 
data as atom-size bits or 
forge molecules to custom 
specifications. The process 
would also prove useful, 
as Eigler presents it, for 
“spin excitation spectro¬ 
scopy.” He may not wear 
IBM blue, but he certainly 
does not let you forget he’s 
a physicist. —Philip Yam 



Carbon 
Monoxide Man 
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WATERFALL EFFECT can be induced by gazing at a 
rapidly moving object, such as a waterfall (unfortunate¬ 
ly, only real waterfalls and not mere photographs will 
suffice). If one then glances away at something station¬ 
ary, such as a tree , it will briefly appear to flow sky¬ 
ward, in the direction opposite that of the waterfall. 
Magnetic resonance studies have revealed the neural 
processes underlying this optical illusion. 
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to a stimulus. When the stimulus is re¬ 
moved, according to this model, neu¬ 
rons sensitive to motion in the oppo¬ 
site direction would be relatively more 
active and thus create the motion after¬ 
effect, in this view, activity in V5 should 
have decreased after the rings stopped. 
Of course, the MR1 results told a 
slightly different story. The fact that 
the activity increased, Toot ell observes, 
suggests that the firing of neurons sen¬ 
sitive to motion in one direction active¬ 
ly inhibits the firing of neurons respon¬ 
sive to motion in other directions. When 
the stimulus is removed, the previously 
inhibited neurons erupL in a brief fren¬ 
zy of unrestrained firing, creating the 
motion aftereffect. Experiments on 
monkeys have also turned up evidence 
for this inhibition effect, Too tell adds. 


One neuroscientist 
delighted by these find¬ 
ings is Christof Koch 
of the California Insti¬ 
tute of Technology. For 
years, Koch and Frau¬ 
ds Crick of the Salk In¬ 
stitute for Biological 
Studies in San Diego 
have speculated about 
where the neural activ¬ 
ity underlying visual 
awareness—the sub¬ 
jective experience of 
seeing—takes place. 
Studying awareness 
can be difficult, Koch 
explains, because the 
simple act of looking 
at an object triggers 
many neural processes 
in the brain, not all of 
which contribute to 
awareness. Optical illu¬ 
sions, which are, after 
all, purely subjective, 
serve as excellent phe¬ 
nomena for isolating 
and thus studying vi¬ 
sual awareness. 

In the same issue of 
Nature that indudes 
| the Too tell paper, Koch 
| and Crick cast doubt 
% on the possibility that 
2 awareness is tied to 
| VI, the area of the vi¬ 
sual cortex that re¬ 
ceives signals most di¬ 
rectly from the retina. 
Awareness, the re¬ 
searchers contend, is 
much more likely to 
stem from V5 or other 
higher-level regions of 
the visual cortex, which 
are more closely tied 
to parts of the brain in¬ 
volved in decision making and other 
cognitive functions. TootelTs report sup¬ 
ports these conclusions, Koch argues. 
The viewers, he elaborates, showed lit¬ 
tle or no activity in VI and marked ac¬ 
tivity in V5 while they w T cre subjectively 
perceiving—but not actually looking 
at—moving rings. 

Antonio R. Damask), a neuroscientist 
at the University of Iowa, agrees with 
Koch's interpretation. In a commentary 
that accompanies the two papers, Da- 
masio writes that Tootell has helped 
narrow the search for the neural corre¬ 
lates of visual awareness—and, ultimate¬ 
ly, consciousness itself. On the other 
hand, Damasio cautions, neuroscientists 
still have much to learn about how, 
rather than simply where, the brain en¬ 
genders a warene s s. —Joh n Horga rr 
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Toxins Abounding 

Despite the lessons of Bhopal chemical accidents are on the rise 


I n December 1984 the lethal escape 
of methyl isocyanate in Bhopal, In¬ 
dia, unleashed a wave of concern 
about chemical calamities. Legislation in 
the U.S. and India strove to lessen the 
danger to communities, and the United 
Nations renewed its efforts to warn 
about toxins. But a decade later indus¬ 
trial chemicals remain poorly under¬ 
stood: when similar accidents occur, 
doctors are just as likely to be faced 
with a mysterious poison as they were 
in Bhopal. 

Moreover, the potential for catastro¬ 
phe is scarcely diminished. In the eight 
years preceding the disaster, the Orga¬ 
nization for Economic Cooperation and 
Development recorded 74 major acci¬ 
dents; in the eight years following, the 
number reached 106. And between 1980 
and 1990 the number of gas releases 
that exceeded Bhopal in quantity and 
toxicity totaled 15 in the U.S, alone, 
“Unlike pesticides and drugs,” ex¬ 
plains Donald J. Usk of Cornell Univer¬ 
sity, “industrial chemicals were not in¬ 
tended to be ingested." Thus, studying 
them is not a priority. Adequate toxi¬ 
cology exists for only 2 to 3 percent of 
the more than 70,000 substances used 
to create about five million products, 
observes Joseph LaDou of the Universi¬ 
ty of California at San Francisco. For 75 
percent, there is no toxicology at all. 

In the U.S. the 1976 Toxic Substances 
Control Act was designed to fill this gap, 
but the task proved too enormous. Con¬ 
sequently, more than 60,000 existing 
chemicals were “grandfathered in," with 
the Environmental Protection Agency 
requiring scattered tests on no more 
than about 100. Of the chemicals intro¬ 
duced since 1979, the epa restricts the 
use of 7 percent. But older substances 
make up 99.9 percent of the six-triL 
lion-pound total. 

Although the Occupational Safety 
and Health Administration mandates 
Material Safety Data Sheets for at least 
600 chemicals to which workers might 
be exposed, companies are not required 
to perform tests—they need only list 
what they do know 7 . So humans may 
end up serving as guinea pigs. Solvents, 
resins and glues have been implicated 
in the testicular cancers and other dis¬ 
orders of 5,000 male employees at 
Lockheed, according to Daniel T. Teitel- 
baum of the University of Colorado. 

The lack of information about toxics 
continues to haunt communities, not 
just workers. In 1986—after the Union 
Carbide incident in Bhopal and a sub¬ 
sequent release at the company’s sister 


plant in Institute, W. Va., where a chemi¬ 
cal leak sent 135 neighbors to the hospi¬ 
tal—the Emergency Planning and Com¬ 
munity RighUtO'Know Act was passed. 
It required facilities using certain chem¬ 
icals to report their amounts and loca¬ 
tions to Local Emergency Planning Com¬ 
mittees (LEPCs), which were to plan re¬ 
sponses to accidents. The federal 
government did not authorize funding 
for the 4,100 LEPCs, however. In 1990 
the epa concluded that most of these 
groups were dominat¬ 
ed by industry and 
government represen¬ 
tatives and had failed 
to inform communities 
of hazards, for fear of 
causing “counterpro¬ 
ductive panic." 

According to Fred 
Millar, an accident pre¬ 
vention expert based 
in Washington, D.C., 
some of the LEPCs pan¬ 
icked when they saw 
the facts. The “plume 
map” for Houston, for 
example, showed that 
more than 50 percent 
of the city is vulnera¬ 
ble to toxic releases. 

The New 7 York State 
Attorney General’s Of¬ 
fice has calculated that 
some gas clouds could 
travel a mile in 17.6 
minutes; alerting cer¬ 
tain communities, let 
alone evacuating them, 
might take up to an 
hour. 

In 1990 environmen¬ 
talists and labor groups pushed through 
amendments to the Clean Air Act that 
required companies to conduct hazard 
assessments and to make public their 
worst-case scenarios. But the epa missed 
its 1993 deadline to draw up the re¬ 
quired rules, and the Chemical Safety 
and Hazard Investigation Board, which 
the amendments also established for 
independently investigating accidents, 
does not yet exist. Nor is it funded. 

In New Jersey and California, active 
programs do exist for reducing the like¬ 
lihood of accidents. Nevertheless, dan¬ 
gers persist. According to Peter Costan¬ 
za, a New Jersey regulator, the contents 
of any of up to 20 railroad tank cars of 
chlorine in the state, some in crowded 
areas such as Elizabeth and New r ark, 
could kill thousands. “We make sure 
the valves are tight," Costanza reflects, 


but that would not prevent a truck 
from puncturing one of them. 

The National Environmental Law Cen¬ 
ter concludes that 10 billion pounds of 
"extremely hazardous chemicals,” such 
as chlorine, are currently stored in the 
U.S, About once a day, an event involv¬ 
ing immediate injury, evacuation or 
death is reported to the Emergency Re¬ 
sponse Notification System database. 
(That number is probably optimistic: 
between 1988 and 1990 the system list¬ 
ed only 13 percent of the accidents re¬ 
corded by New York State.) Apart from 
such histories, no measure of the risk 
from accidents seems to exist in the U.S. 



CHEMICAL EXPLOSION in New Jersey killed four in April 


In many places, the situation is even 
worse. After Bhopal, the United Nations 
Environment Program strengthened its 
efforts to make data on toxic materials 
available to developing nations. Unfor¬ 
tunately, firefighters and hospitals there 
rarely receive the information. "In terms 
of accessibility," LaDou states, “the U.N. 
efforts are 30 years behind the U.S.” 

Worldwide the rate of chemical catas¬ 
trophes is on the rise. Bhopal prompted 
several nations to support an agreement, 
known as Prior Informed Consent, re¬ 
quiring countries exporting hazardous 
substances to inform the importing na¬ 
tion. No such system exists for hazard¬ 
ous processes and technologies; even if 
it did, observers doubt that developing 
countries would use it. “In the current 
climate,” notes Peter M. Haas of the Uni¬ 
versity of Massachusetts at Amherst, 
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“any investment is fine, regardless of 
what technology it brings.” For its ny¬ 
lon project in Goa, Du Pont has secured 
an agreement with its Indian partners 
that the multinational will not be liable 
for any accidents. 

In India, projects based on hazardous 
technology are mushrooming despite 
the legislation that Bhopal prompted. 
The Environmental Protection Act of 
1986 directed companies to supply in¬ 
formation about toxic inventories, al¬ 
lowed for inspections and also created 
laboratories. A 1987 amendment to the 
Factories Act set guidelines for han¬ 
dling dangerous materials. But the acts 
cause information to flow to the govern¬ 
ment, not to concerned communities. 

Methyl isocyanate, at least, is no more 
to be found in India. After Bhopal, some 
U.S. companies started to use the sub¬ 
stance in a closed-cycle process, so that 
the unstable fluid did not have to be 
stored. But at least 150,000 pounds of 
it reside at the Institute plant, which 
now belongs to Rhone-Poulenc, In case 
of a spill, residents are advised to “Shel- 
ter-in-Place": bring in pets, shut win¬ 
dows, stuff wet towels under doors and 
tune in for instructions. As yet, no plan 
exists for dealing with the worst-case 
scenario involving the chemical: death 
within the first nine miles of a plume 
stretched, by the usual wind conditions, 
right over town—which begins a quarter 
mile from the factory. "No way the com¬ 
munity can get out," states Pamela L 
Nixon, a medical technician who serves 
on the LEPC Shelter-in-Place could well 
become, in Millar's words, “Gassed-in- 
Your-Home/’ — Madhusree Mukerjee 


This is the second of a two-part article 
on the legacy of Bhopai 


Just Scratch It 

I tch remains the most mysterious of cuta¬ 
neous sensations—of all sensations, per¬ 
haps," says Jeffrey D. Bernhard, director of 
dermatology at the University of Massachu¬ 



setts Medical School at Worcester. No one 
even seems to know how often a dermato¬ 
logically healthy person scratches, but, let's 
face it, we're an itchy lot. 

For years the neurological 
mechanisms of itching ("pru¬ 
ritus" in medical jargon) 
were thought to be 
identical to those 
of skin-based pain. 
But "over the past 10 
years or so, there has 
been an accumulation of 
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A River (of Mud) Still Runs Through It 


F our years ago Mount Pinatubo in the Philippines awoke 
from six centuries of slumber, sending a mass of vol¬ 
canic material skyward. Finer particles made it into the up¬ 
per atmosphere and were transported around the world. 
But most of the spew fell on local inhabi¬ 
tants, showering them with a mixture of ash 
and rain that resembled falling cement. The 
eight cubic kilometers of material ejected by 
the volcano left surrounding areas laden 
with ash thick and weighty enough to col¬ 
lapse buildings. The volcano covered the en¬ 
tire planet with a blanket of sorts, made up of 
stratospheric aerosols that scattered enough 
sunlight to cool the earth appreciably. 

Global climate effects have since abated, 
but local suffering endures. Massive flows of 
volcanic ash, called lahars, which form in the 
wake of violent volcanic eruptions, persist. 

These viscous rivers of mud (right) can be 
devastating—often more so than the explo¬ 
sion itself. In 1985 lahars from the eruption 
of Nevado del Ruiz in Colombia killed some 
23,000 villagers. Around Mount Pinatubo la¬ 
hars have displaced hundreds of thousands 


of people, who continue to wait for the mountain's loosely 
consolidated new surface to stabilize. But after spending 
nearly 600 years asleep, Pinatubo seems in no hurry to 
settle down. —DavidSchneider 



An Inside Job 

IL-12 attacks tumors on two fronts, but can it win the battle? 


S everal years ago oncologists saw 
great promise in mterleuldn-2 <IL- 
2), a chemical messenger in the 
immune system that calls killer T cells 
into action. Once alerted, these cells 
seek and destroy unhealthy tissues in 
the body. Cancer, it seemed, simply 
failed to summon this response. So re¬ 
searchers suggested that injections of 
EL -2 might sic killer T cells on tumors, 
in clinical trials, though, IL-2 fell short 
of this expectation. 


Now another immune messenger, in¬ 
terleukin-12, is raising hopes once more. 
Like IL-2, this molecule enlists the body's 
intrinsic cancer-fighting abilities. Ln ad¬ 
dition, workers have discovered that it 
can stunt the development of new blood 
vessels in solid tumors as well. Deprived 
of a blood supply, cancer cells cannot 
receive the nutrients they need to 
spread. Hence, some scientists believe 
that although IL-12 may not be able to 
cure cancer, it could potentially keep 


many forms of the disease in check. 

The finding, from Judah Folkman of 
Harvard University and his colleagues, 
appeared in May in the Journal of the 
National Cancer Institute. To test IL-12, 
the group placed tiny pellets of a com¬ 
pound known to promote blood vessel 
growth—a process termed angiogene¬ 
sis—in the eyes of mice. Within five 
days, new capillaries covered the cor¬ 
nea. When the mice were given EL-12, 
however, the capillaries vanished. “This 
is the first description of the fact that 
[L-12 might have an adverse affect on 
angiogenesis, 1 ’ says Robert S. Kerbel of 
the University of Toronto. 





evidence that itch is a distinct and separate sen¬ 
sation from pain, despite some similarities," 

Bernhard notes. Like some kinds of pain, itch 
begins when nerve endings in the skin are stim¬ 
ulated, either chemically or physically, or both. 

Still, pain and itch differ in other respects, in¬ 
cluding their relief. It is not entirely clear why 
scratching an itch makes it go away; apparently 
it sends a new signal that either breaks up the 
spinal nerve vibrations or substitutes a new 
sensation. 

Some allergic reactions and various conditions—eczema, 

psoriasis and hyperthyroidism* 
among them—are infamously 
itch inducing. Some itches, 
on the other hand, defy ex¬ 
planation. Children studying 
in school or ostensibly prac¬ 
ticing their musical instrument 


seem to itch unnaturally, as do major league 
baseball players at bat on national television. 
Bernhard has also come across some more ob¬ 
scure problems. What would you call the case of 
the woman who itched after amorous contact 
with her spouse, or that of the woman whose 
marriage was so stressful she itched until she di¬ 
vorced? (“Till itch do us part"?) 

Those who have managed to escape 
these conditions need not feel left out. 

There is always pruritus idiosyn- 
cratica, everybody's own little itch, according to 
Bernhard: "some spot they find themselves 
scratching from time to time." He named the 
condition based on his own "extremely infor¬ 
mal” clinical observations. "People come in and 
say, 'You know, I itch here, 1 and we don't have 
any explanation for it. Right now I'm itching my 
leg, for example.” —Clenn Zorpette 
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In fact, Hr 12 does not retard blood 
vessel growth itself but causes immune 
cells to secrete gamma-interferon, which 
stimulates the production of inducible 
protein-10. This recently discovered 
protein appears to be one of the most 
potent in a series of angiogenesis in¬ 
hibitors identified since the late 1980s, 
Although the notion of starving cancer 
cells instead of killing them has been 
slow to catch on, clinical trials of eight 
drugs having that effect are now undo- 
way. “This kind of alternative strategy 
would have been unheard of 10 years 
ago,” Kerbel observes, “But molecules 
such as ILT2 make it a reasonably at¬ 
tractive paradigm. 11 

Part of the tactic's overall appeal is 
that it may enable physicians to avoid 
the problem of drug resistance. “Even 
when traditional chemotherapy initially 


succeeds, in most cases the cancer re¬ 
turns more resistant,” Kerbel notes. 
“Cancer cells have a formidable capaci¬ 
ty to develop resistance because they 
shuffle their genetic deck very readily,” 
In contrast, the genes found in the en¬ 
dothelial cells of developing blood ves¬ 
sels are far more stable and would very 
likely build drug resistances at a much 
slower rate, if at all. 

[L-12’s charm is that it can stall angio¬ 
genesis and stimulate the immune sys¬ 
tem. IL-12 even stirs up more immune 
activity than does IL-2. Both interleu¬ 
kins prompt the production of gamma- 
interferon, which makes T cells into the 
killing kind, but IL-12 does so earlier 
in the immune response. This timing 
makes an enormous difference, says 
Michael T. Lotze of the University of 
Pittsburgh Cancer Institute. “IL-2 arms 


the warheads, sets the triggers and 
drops the bombs, but IL-12 is the am¬ 
munition factory.” 

Clinical trials of iiyectibie IL-12 be¬ 
gan in May 1994—one year before Folk- 
man’s group reported its finding. So 
far, Lotze says, the results look promis¬ 
ing. last month he launched additional 
clinical tests of an IL-12 gene therapy. 
In mice the intervention eliminated ex¬ 
isting tumors and helped the animals 
reject new ones as well. Other workers 
are investigating whether IL-12 might 
ameliorate the symptoms of AIDS and 
hepatitis. “We have every reason to be 
excited about IL-12," Lotze states. Still, 
it will be years before anyone will know 
for sure whether IL-12 lives up to its 
potential. As Folkman is quick to cau¬ 
tion, “Many things work in mice and 
not in people.” —Kristin Leutwyler 


THE ANALYTICAL ECONOMIST 


Computation Outstrips Analysis 



T he law of demand—that people 
will buy less of something if its 
price goes up, more if its price de¬ 
clines—is about as secure a proposition 
as economics offers. Lately the methods 
of economics itself have been following 
that law, and as a result economists are 
fashioning a new kind of theory. 

The price that has been changing is 
that of computation. On any given day, 
for the past 20 years at least, the cost 
of adding or multiplying two numbers 
has been half of what it was 18 months 
earlier. At Los Alamos in 1943, a calcu¬ 
lator was a woman who did calculi 
Lions for a team organized by Richard 
Feynman. Today systems of hundreds of 
equations are a job for an average PC. 

Tills change in degree lias become a 
change in kind. Instead of reasoning 
about the economy on the basis of a 
few highly simplified, mathematically 
tractable assumptions, researchers can 
build more realistic models of econom¬ 
ic behavior and see how they run. This 
notion has been taking hold through¬ 
out the sciences: in a new book, Darwin¬ 
ism Evolving: Systems Dynamics and the 
Genealogy of Natural Selection, David J. 
Depew and Bruce H. Weber trace simi¬ 
lar stages in evolutionary" theory. From 
Charles Darwin's publication in 1859 
until about 1900 came the prequantita- 
tive origin (so to speak), from 1900 to 
1975 or so the “Boltzmannian” statistical 
stage, and then computer simulation. 
The statistical stage is the one that 


most observers of science are familiar 
with. Ludwig Boltzmann introduced 
statistical methods to physics to deal 
with the aggregate behavior of a gas. In 
1877 no one could even imagine fol¬ 
lowing the individual histories of thou¬ 
sands of gas molecules colliding with 
one another, and so Boltzmann opted 
for following average behavior, which 
is what statistical theory is good at. 

Economics is just finishing its Boltz¬ 
mannian stage. The statistics used by 
economists wrere invented for experi¬ 
ments in agronomy and perfected in 
the 1930s. During the 1940s and 1950s, 
these techniques, which let economists 
deduce properties of individual actors 
from gross measures such as price lev¬ 
els, spread to the rest of economics. 

In discussions of monetary' policy', for 
example, the prequantitative stage con¬ 
tends with philosopliical issues such as 
“Should the government interfere in fi¬ 
nancial markets?" or “It seems reason¬ 
able that raising interest rates will throt¬ 
tle demand and reduce growth." Boltz- 
mann-style analysis looks instead at 
whether the numbers the government 
collects show f connections between dis¬ 
count rate and gross national product. 
The Boltzmann era ends when econo¬ 
mists have enough computing power to 
test directly their ideas about how mol¬ 
ecules of economic behavior will inter¬ 
act in mass. Assuming researchers agree 
on underlying economic behavior, the 
answers will be unobscured by all the 


confounding factors that beset real data. 

This story of evolutionary progress 
highlights the two competing intellec¬ 
tual traditions—with differing attitudes 
toward computation—that have long 
coexisted. In the Greek tradition, theo¬ 
reticians prove things on abstract prin¬ 
ciples. The proof of the Pythagorean 
theorem, for instance, does not depend 
on the particular sizes of the right tri¬ 
angles in question. The Babylonian tra¬ 
dition, in contrast, discovers by brute 
force that a million different right trian¬ 
gles all seem to have the same relation 
among the squares of their sides. 

In modern economics the Greek tra¬ 
dition succeeds in the work of Nobel 
laureates Paul A. Samuelson and Ken¬ 
neth J. Arrow, who applied mathemati¬ 
cal reasoning to a minimum of data. 
The Babylonian tradition is more check¬ 
ered: in Isaac Newton's time, it allowed 
calculation of hypothetical costs to 
show r that the Somerset Levels wet¬ 
lands should be drained at public ex¬ 
pense. in 1973 Wassily Lcontief won a 
Nobel for input-output analysis—yet 
his work had little practical application. 

Since then, however, the law of de¬ 
mand, combined with the ever decreas¬ 
ing cost of computation, has put Greek 
science under a sentence of death. Ele¬ 
gant analysis still costs as much time 
and effort as it ever did, but number 
crunching becomes ever cheaper. The 
kinds of questions that the new Babylo¬ 
nian economists are asking are more 
amenable to answers, and so they will 
be asked more often. That's the way 
the marketplace of ideas works. 


DONALD N McCLOSKEY is professor 
of economics and history* at the Univer¬ 
sity of Iowa. 
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TECHNOLOGY AND BUSINESS 

Environmental Secrets 

Medea brings intelligence in from the cold 



T he end of the cold war may not 
have produced a peace dividend, 
but it could still produce a trea¬ 
sure trove of data, A high-level commit¬ 
tee of scientists is pioneering an effort 
to extract vital environmental measure¬ 
ments from classified information cur¬ 
rently being gathered by spy satellites 
and other sensors. The potential utility 
of this information far exceeds that of 
the spy satellite pictures from the 1960s 
that President Bill Clinton ordered de¬ 
classified this past February. Such ac¬ 
cess could permit precise assessments 
of deforestation and of possible indica¬ 
tors of global warming. 

The committee studying the secret 
data is called Medea, alter the sorceress 
of Colchis in Greek mythology, Medea 
helped Jason of the Argonauts steal the 


Golden Fleece and became his wife. Ja¬ 
son is, in turn, the name taken by an¬ 
other group of scientists that has For 
many years provided secret advice to 
the government on national security is¬ 
sues. (Medea and Jason are united in 
the person of a shared representative 
from the Central Intelligence Agency, 
Linda ZalL) 

Medea, established in 1993, is the de¬ 
scendant of an environmental task force 
set up by the cia in 1992. The initiative 
came about in response to a request 
from then Senator Al Gore of Tennes¬ 
see that the agency assess what data it 
could make available to researchers 
without undermining secrecy. The task 
force played a key role in persuading 
the cia and other agencies to dedassi- 
fy the 800,000 photographs taken by 


reconnaissance satellites between 1960 
and 1972, But although the former So¬ 
viet Union was well covered, many ar¬ 
eas of scientific interest were not pho¬ 
tographed at high resolution. 

The best images from these early sets 
have a resolution of about two meters, 
better than the 15-meter resolution of 
LandsaL The present generation of spy 
satellites, however, is widely believed 
to resolve objects less than 15 centime¬ 
ters across, Medea was founded when 
it became dear to the task force that 
environmental science and intelligence 
gathering could each gain from the oth¬ 
er’s expertise in the design of sensors 
and the interpretation of data. 

Medea is now wrestling with how to 
share with scientists measurements ex¬ 
tracted from contemporary as well as 
archived intelligence. The main sticking 
point is the sensitivity of information 
about when and where images were ob¬ 
tained, says Jeffrey Dozier of the Uni¬ 
versity of California at Santa Barbara, 
Such knowledge might allow an adver¬ 
sary' to calculate the orbits of satellites, 
which would then make it possible to 
hide sensitive equipment by conceal- 


It’s Melting, It’s Melting 


A ntarctica is heating up, and the evidence is in the ice— 
l\or at least in its melt. One satellite image from this 
past January (left) shows the spidery-looking James Ross 
Island surrounded by water (top right): ever since the first 
maps were made 100 years ago, it has been connected to 
the Antarctic peninsula by an ice shelf. The image also 
shows the peninsula, composed of a chain of mountains 
(lower left to upper right), surrounded by dark patches of 
sea; the gargantuan Larsen ice shelf appears at the lower 
left. A satellite image taken shortly after, in February (right), 


documented further changes. The ice shelf has retreated; 
a 50-mile-long iceberg has calved; and the northernmost 
part of the shelf, just above the center of the picture, has 
disappeared, creating a plume of ice rubble. 

Other Antarctic ice shelves are also retreating, and ' they 
are all ones we said would be sensitive to climatic change,’ 1 
notes David G. Vaughan of the British Antarctic Survey. 
Vaughan says the west side of Antarctica has warmed 2.5 
degrees Celsius over the past 50 years. But any link with 
global warming is unproved, he cautions. —Tim Beardsley 
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Food Indigo 



P eering apprehensively at the green image in their night-vision goggles, 
Secret Service agents watched as then President George Bush fed the 
bacteria. Soon the genetically engineered specimens emitted a faint blue 
glow in the darkened room at the University of Tennessee, signifying their 
satisfaction with a light lunch of the hydrocarbon naphthalene. 

Five and a half years later Pseudomonas fluorescens is finally going to be 
freed from the laboratory so it can feast on pollutants in Oak Ridge National 
Laboratory soil. The event, to take place this fall, will be the first release of 
organisms genetically engineered to consume toxic chemicals—including 
naphthalene, anthracene and phenanthrene. The strain was created by Gary 
S. Sayler, who fused genes for bioluminescence from a marine bacterium to 
those in P. fluorescens responsible for the degradation of naphthalene. The 
resulting creature glows when breaking down the hydrocarbon, giving 
cleanup workers visual confirmation that the chemical is present and that it 
is being degraded. Those living near potential sites need not invest in darker 
sunglasses; this photograph, showing the bacteriological equivalent of a feed¬ 
ing frenzy, required an exposure of half an hour. —Glenn Zorpette 


When Smog Gets in Your Eyes 

Cooking, not cars, may explain much of Mexico City's pollution 


ing it while a sensor passed overhead. 

The committee’s main effort is de¬ 
voted to trials of procedures for creat¬ 
ing “derivative products”—that is, to 
determining how intelligence material 
can be declassified in such a way that it 
is still scientifically meaningful. This 
filtered information has already been 
used to create some accurate topo¬ 
graphic maps. 

Dozier chairs a subcommittee of 
Medea that is establishing “global fidu- 
cials,” reference sites that will be moni¬ 
tored by reconnaissance satellites for 
evidence of any long-term changes. 
Some places will be well-studied areas 
that evaluate the sensors’ abilities. Oth¬ 
ers will be environmentally sensitive 
regions, such as desert margins. 

Robert Smart of the National Oceanic 
and Atmospheric Administration, who 
uses satellite images to mark changes 
along shorelines, says many research¬ 
ers have learned that with intelligence- 
grade material “you can learn a lot 
more” than with commercial images 
alone. (Commercial services may soon 
be offering additional satellite imagery 
with a resolution of about one meter. 
Lockheed Martin, for instance, recent¬ 
ly obtained government approval to 
launch a satellite that would provide 
that level of detail.) 

The U.S. Navy had previously released 
statistical data on submarine measure¬ 
ments of polar ice. Studies to determine 
how to obtain more detail are under 
way, as are similar efforts to increase 
the resolution of records from micro¬ 
phones lying on the ocean bottom that 
listen for submarines. Medea is also 
trying to declassify information about 
the earth’s precise shape and gravita¬ 
tional field. These data are sensitive be¬ 
cause they could be used to target long- 
range missiles. The committee has al¬ 
ready brought into the public domain 
aircraft photography stretching back to 
the 1930s. “Most of the people associ¬ 
ated with this effort have been very 
pleased,” says Gordon J. MacDonald of 
the University of California at San Di¬ 
ego, one of Medea’s co-chairs. 

Medea has to contend with legal is¬ 
sues as well as with security concerns, 
MacDonald notes. Intelligence agencies 
are prohibited from gathering data in¬ 
side the U.S. without special authoriza¬ 
tion, although there are exceptions for 
certain emergencies, such as forest fires. 
That restriction could impede the use 
of intelligence assets for monitoring 
the U.S. environment. But could Russia 
help? MacDonald says preliminary dis¬ 
cussions with officials there have just 
begun. Former adversaries are finding 
that by cooperating they have a world 
to gain. —Tim Beardsley 


F or about 80 hours every month, 
the yellow, eye-smoldering smog 
of Mexico City reaches dangerous 
levels. At these times, the government 
restricts driving and orders industries 
to reduce their activity. But new find¬ 
ings suggest these solutions may fail to 
tackle one of the biggest sources of the 
city’s smog: unburned liquefied petro¬ 
leum gas, or LPG, that is somehow 
leaking into the air. 

The composition of LPG—used for 
cooking and heating in most homes in 
the area—can vary' greatly, and the Mex¬ 
ico City version is ideal for creating air 
pollution. Mexican LPG is about half 
propane, with the other half a mixture 
of butane and butenes. Butane and bu¬ 


tenes are highly efficient at forming 
ozone, the main component of smog. 
As Donald R. Blake of the University of 
California at Irvine explains, butenes 
make up only 5 to 9 percent of Mexican 
LPG, but that fraction “forms about as 
much ozone as the remaining compo¬ 
nents” of the fuel. (In contrast, the type 
of LPG used in Los Angeles consists of 
95 percent propane, very little butane 
and no butenes and is therefore less ef¬ 
fective at forming smog.) 

Furthermore, according to Blake and 
F. Sherwood Rowland, also at Irvine, 
Mexico City’s problem is exacerbated 
by the fact that LPG seems to be leak¬ 
ing at a surprising rate. Indeed, Blake 
and Rowland estimate that as much as 
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AIR POLLUTION in Mexico City is notorious. A substantial part of the problem may 
be caused by leaks of liquefied petroleum gas used in homes . 


one third of the smog could result from 
this source. Nearly 200 air samples tak¬ 
en over rhe past several years showed 
elevated levels of propane, butane and 
butenes that could only have come 
from seeping LPG. Residents of Mexico 
Gty take the fuel from individual tanks, 
rather than drawing it from a citywide 
distribution system; Blake estimates 
that more than one million homes use 
LPG. Consequently, finding the source 
of leaks, as well as fixing them, could 
be extremely difficult. 

Blake and Rowland believe that chang¬ 
ing the composition of Mexican LPG— 
in order to eliminate the butane and 
butenes—would reduce total ozone pol¬ 
lution by 10 to 20 percent. The research¬ 
ers have not yet approached Petroleos 
Mexicanos, the company that distrib¬ 
utes LPG in Mexico City, but they say 
they plan to do so soon, it remains un- 


TJ oger Schlafly has just succeeded 
pY in doing something no other 
V mathematician has ever done: he 
has patented a number. The seemingly 
bizarre event is the latest twist in the 
saga of assigning software patents that 
has vexed the U.S. Patent and Trade¬ 
mark Office for more than 20 years. Tm 
sure if you just went to someone and 
said, ‘Can you patent a prime number? 1 
they would say to you, "No, that's ridi¬ 
culous/ 1 ’ says Schlafly, a computer con- 


certain how much such a reformulation 
would cost. 

Other cities might want to consider 
these findings. Studies of smog in sev¬ 
eral cities in eastern Europe have re¬ 
vealed high levels of propane, butane 
and butenes in Lhe air—an LPG finger¬ 
print, according to Blake. The Irvine 
group also intends to investigate 20 U.S. 
locations with some type of air pollution 
problem. Although many developed 
countries do not have high levels of bu¬ 
tane or butenes in their LPG, which al¬ 
leviates some of the ozone worry, sub¬ 
stantial leaks could happen anywhere. 

The fossil fuels used in vehicles and 
industry, of course, are still a major 
source of smog around the world. 
Changing levels of butane and butenes 
in LPG may not be a ‘'cure-all,” Blake 
says, “but it could improve the prob¬ 
lem significantly." — Sasha Nemecek 


suit ant who lives near Santa Cruz, Calif. 

Schlafly, of course, hasn't patented 
just any number. His figure—which is 
nearly 150 digits long—has a property 
that makes it possible to take a certain 
shortcut when performing modular di¬ 
vision. A little improvement in division 
is big news for people using the Diffie- 
HeUman public-key cryptography sys¬ 
tem, which uses repeated modular divi¬ 
sions as a tool for encrypting and de¬ 
crypting secret codes. Cryptographic 


keys are typically numbers hundreds 
of digits long, so a small improvement 
can mean a big savings in time. 

But even as this patent is helping 
speed up a few mathematical calcula¬ 
tions, patents in general are slowing 
down the progress of developing soft¬ 
ware. Such patents are on the rise: 
4,500 were granted in 1994, and nearly 
5,400 are projected to be granted in 
1995, says Gregory Aharonian, who 
publishes the Internet Patent News Ser¬ 
vice. “It is hard to believe that all these 
9,000 patents reflect novel and unobvi- 
ous ideas," Aharonian notes. 

In 1972 the U.S. Supreme Court ruled 
that computer algorithms could not be 
patented. But in 1978 that decision was 
reinterpreted by a lower court, which 
concluded that the higher court really 
meant only to prohibit patenting math¬ 
ematical algorithms. Unfortunately, the 
ruling never defined what a mathemat¬ 
ical algorithm actually was. Ever since, 
the number of software patents issued 
has been steadily rising—as have the 
number of lawsuits. 

Indeed, Schlafly's patent seems to fit 
right in with current Patent Office poli¬ 
cy, The patent, entitled "Partial Modu¬ 
lar Reduction Method," describes an al¬ 
gorithm for finding prime numbers that 
have this particular property. Most pat¬ 
ent applications would stop there. But 
Schlafly's goes further, claiming prime 
numbers that have the property. The 
first and most famous is roughly 150 
digits long; a second is about 320. Nev¬ 
ertheless, the figures satisfy the prima¬ 
ry requirements of patentability. They 
are novel, because there is no record 
they have been used before, and they 
are useful, in this case for cryptography. 

“1 was kind of interested in pushing 
the system to see how r far you could go 
with allowable claims," explains Schlaf¬ 
ly, a member of the League for Program¬ 
ming Freedom, an organization that op¬ 
poses software patents. Although Schlaf¬ 
ly can now sue anybody for using his 
numbers, he is not worried about peo¬ 
ple infringing on his rights. “When you 
get to numbers that are so big that no¬ 
body has used them before, well, there 
are lots of them up there," he says. 

The same cannot be said of cryptog¬ 
raphy algorithms themselves. Schlafly 
is at present embroiled in a lawsuit with 
Public Key Partners (PKP), a California 
partnership that maintains the rights 
to the most important patents in the 
domain of public-key cryptography. The 
group claims that one of its patents 
covers the entire field. A second PKP 
patent, meanwhile, is at the heart of a 
program that Schlafly wrote, called Se¬ 
cret Agent, which is used to encrypt 
electronic mail. —Simson Garftnket 


A Prime Patent 

Legal rights to a number upset programmers and lawyers 
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Follow the Money 


A new stock market arises on the Internet 


C yberspace, pointed out cyberpun¬ 
dit John Perry Barlow, is where 
money goes when it is not in 
somebody's pocket. Financiers are fol¬ 
lowing that money. Entrepreneurs in 
Cambridge, England, are setting up the 
Internet’s first stock market. The prog¬ 
ress of their venture, called Electronic 
Share Information Ltd (ESI), illustrates 
the problems and opportunities of a 
novel breed of market—and its impact 
on the broader economy. 

In a now classic prediction Tom Ma¬ 
lone of the Massachusetts Institute of 
Technology argued that information 
technology would help break apart big 
companies, shifting work out of the 
corporate hierarchy and into electronic 
markets. By making it cheaper to gather 
information, Malone argued, computers 
would make it easier to shop around for 
the best and least expensive supplier. 
More shopping around, in turn, would 
mean less work for outlying divisions 
of sprawling corporations and a funda¬ 
mental shift toward small firms. 

So far a fair amount of evidence sup¬ 
ports Malone’s theory , in the mid-1970s, 
after centuries in which firms grew larg¬ 
er, the size of companies in industrial 
nations began to shrink. And Malone’s 
student Erik Brynjolfsson found a cor¬ 
relation between investment in infor¬ 
mation technology' and decline in firm 
size. Succeed or fail, ESI’s bold venture 
to create stock markets in sectors of the 
economy where none have traded be¬ 
fore will provide an intriguing example 
of the principles underlying the trend. 

At the heart of ESFs opportunity is the 
simple observation that stockbrokers 
are a very expensive foim of computer 
terminal. Many things brokers common¬ 
ly do—placing orders and sending out 
financial information—require them 
merely to type into their computer in¬ 
structions given them by a customer. 
As networks become more ubiquitous, 
more customers will want to execute 
those commands directly. 

ESI’s first step was simply to substi¬ 
tute computers for brokers, ft serves 
up financial analysis and allows clients 
to buy and sell shares electronically, on 
existing markets. So far, so mundane. 
What makes ESI interesting, however, is 
its realization that such technology' not 
only could trade existing shares for 
less but also might create an unique 
form of stock market, one that would 
sell shares of companies that could not 
otherwise afford a stock-market listing. 

To hear Jack Lang, technical director 
of ESI, tell the tale, the idea to set up an 


entirely new stock exchange 
came about almost by acci¬ 
dent. With about 1,000 small 
high-tech firms, Cambridge 
is the closest thing Britain 
has to Silicon Valley; local en¬ 
trepreneurs say there would 
be more start-ups were there 
more venture capital. So 
when ESI began plotting its 
course, someone suggested 
it act as a kind of marriage 
bureau, providing financial 
information about small 
firms seeking investment. 

Someone else pointed out 
that marrying Investors with 
companies is precisely what 
a stock exchange does. 

Ughtbulbs clicked on over 
heads. 

Assume, as does Lang, that 
ESI can operate at a tenth of 
the cost of the London Stock 
Exchange. ESI could then 
compete with the banks and 
venture capitalists financing 
small firms. The minimum a 
company could raise on the market, 
taking into account the costs of offer¬ 
ing stock, falls from about £10 million 
to £1 million. Given trading costs of 
only a few pounds, Lang posits that in¬ 
vestors will want to trade hundreds of 
pounds’ worth of shares, rather than 
thousands. And the same technology 
that relays buy and sell orders from in¬ 
vestors can be used to provide them 
with information about companies. 

Regulation poses somewhat more 
daunting problems for ESI. The fledg¬ 
ling exchange will have to reassure Brit¬ 
ain’s Securities and Investments Board— 
the same body that regulates the London 
Exchange—that ESI is honest and prop¬ 
erly equipped. Because the exchange 
will be on the Internet, and accessible 
from outside Britain, it will also have to 
convince foreign regulators, notably the 
LIS. Securities and Exchange Commis¬ 
sion, that it is doing no more than a 
British stockbroker would do in picking 
up a telephone call from a U.S. client. 

The biggest trick lies in enticing 
would-be investors. To understand that 
challenge—and the potential repercus¬ 
sions if ESI and its ilk succeed—pause 
for a moment to consider the economic 
theory' underlying Malone’s predictions. 

Following in the footsteps of Nobel 
laureate Ronald H. Coase, most econo¬ 
mists reckon that the size of a hrm is 
determined by the equilibrium point 
between the costs of gathering resourc- 



STOCKBROKERS and analysts could become di¬ 
nosaurs in pinstripes. 


es—money, equipment, raw materials— 
from outside markets and the overhead 
of creating them in-house. The more 
expensive transactions are, the more 
tc sources firms will find it worthwhile 
to provide for themselves and thus the 
larger they will be. 

Information technology makes it eas¬ 
ier to get the data necessary to compare 
products. What it often fails to do, how¬ 
ever, is to translate data-on-a-screen 
into the understanding in-a-head need¬ 
ed to make a decision. Ultimately the 
economics of understanding will shape 
firms, and that is turning out to be 
different from the economics of infor¬ 
mation in ways that are subtle but also 
profound. 

ESI will thus provide an intriguing 
experiment. Its technology can certain¬ 
ly move information at a fraction of 
the cost of today’s investment markets. 
But that attribute does not mean invest¬ 
ors can achieve the understanding need¬ 
ed to balance risk and reward at a frac¬ 
tion of the cost. If they can, then many 
financial intermediaries are simply di¬ 
nosaurs in pinstripes. If the costs of 
understanding do not track those of in¬ 
formation, however, bankers and ven¬ 
ture capitalists do indeed have a valu¬ 
able role to play. For those who want to 
put money on the answer to that ques¬ 
tion, ESI says it hopes to open its new 
market for trading in the autumn of 
1995. —job n Browni ng 
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Ceramic Superwire 

A superconductor moves nearer the real world 


T he high-temperature supercon¬ 
ducting ceramics that amazed 
physicists when they were discov¬ 
ered in 1986 have been amazing mate¬ 
rials scientists ever since—with how 
difficult they are to make into anything 
useful. But researchers at Los Alamos 
National Laboratory appear to have 
overcome a major problem besetting 
one of the most promising of the new 
materials. 

Using a technique called ion-beam as¬ 
sisted deposition—first developed by 
workers at Fujikura, a high-tech con¬ 
glomerate in Japan—scientists have pro¬ 
duced a superconducting tape that op¬ 
erates at high temperatures and in pow¬ 
erful magnetic fields. If it can be made 
cheaply enough, the tape could he used 
in wires that might actually deliver the 
practical applications everyone has been 
hoping for: small, powerful motors and 
generators, more efficient electrical con¬ 
trollers and circuit limiters, and mag¬ 
netic resonance imaging machines with 
higher resolution. “IPs a very important 
step forward in commercial develop¬ 
ment/ 1 observes Paul C. W. Chu of the 
University of Houston, “but there is 
still a lot to do/ 1 

Superconducting ceramics Initially 
generated wild excitement because they 
could offer resistanceless flow at far 
higher temperatures than could existing 
superconductors. Such temperatures— 
up to about 90 kelvins—are warmer 
than liquid nitrogen 
and are, consequently, 
cheaper to attain. Previ¬ 
ous superconductors 
had to be cooled to 
within a few degrees of 
absolute zero—quite an 
expensive proposition. 

Unfortunately, one of 
the most promising of 
the high-temperature 
superconductors, yttri¬ 
um barium copper ox¬ 
ide, has a serious draw¬ 
back. It cannot be easily 
worked into wires, be¬ 
cause its crystal grains 
do not readily connect 
to one another; the re¬ 
sulting bad connections 
disrupt current flow. 

Several years ago Ya- 
suhiro njima of Fujiku¬ 
ra hit on the idea of lay¬ 
ing down a layer of su¬ 
perconductor on top of 
an oriented crystalline 
layer of inert material 


that would align the superconductor 
grains, allowing them to connect more 
efficiently. The challenge is producing 
the oriented crystal layer. It can be done 
by “sputtering” stabilized zirconia onto 
a nickel substrate using two beams con¬ 
sisting of ions of argon. The first beam 
blasts zirconium oxide off a target so 
that it settles onto the nickel The sec¬ 
ond is aimed at the nickel at a precise 
angle, which allows zirconia crystals to 
accrete in only one orientation. Atoms 
that sit in the wrong place are blown 
away by the argon ions. 

The Los Alamos group has been work¬ 
ing on such ion-beam assisted deposi¬ 
tion for two years, gradually increasing 
performance. This past April, Steven R. 
Foltyn told members of the Materials 
Research Society 7 that the team had pro¬ 
duced samples of yttrium barium cop¬ 
per oxide on stabilized zirconia that 
conduct more than a million amperes 
per square centimeter. That perfor¬ 
mance is 100 times higher than that of 
other flexible superconductors and SO 
percent above the figure that Japanese 
researchers have reported for the tech¬ 
nique. The samples take the form of a 
flexible tape that could be wound into 
cables. Because yttrium barium copper 
oxide is tolerant of strong magnetic 
fields, there seem to be no purely phys¬ 
ical obstacles to the long-predicted 
high-power applications. 

There remain formidable economic 


obstacles, however. The samples are 
small—five centimeters by one centime¬ 
ter—and take two hours to make. The 
technique “has a long way to go” be¬ 
fore it could be cost-effective for large- 
scale production, comments John Van- 
der Sande, a researcher at the Massa¬ 
chusetts Institute of Technology and 
co-founder of American Superconduc¬ 
tor. That company makes its supercon¬ 
ducting wires from a different ceramic, 
bismuth strontium calcium copper ox¬ 
ide, using a different technique. 

The bismuth compound is easier to 
work with than the yttrium-based ma¬ 
terial, but its shortcoming is that it fails 
to superconduct in strong magnetic 
fields at liquid-nitrogen temperatures. 
Gregory J. Yurek, president of Ameri¬ 
can Superconductor, points out that if 
the thickness of the substrate and the 
zirconia is taken into account, the cur¬ 
rent density in the Los Alamos samples 
is no greater than his company can 
achieve now in kilometer-long super¬ 
conducting wires. (Nevertheless, Amer¬ 
ican Superconductor's stock fell by 10 
percent when the Los Alamos group 
made its announcement.) 

Foltyn is hopeful that ion-beam as¬ 
sisted deposition can be made more 
efficient. He suggests that using gases 
other than argon might be one way to 
speed the process. Employing a thinner 
zirconia layer would be another way: 
the Los Alamos group uses a layer 0.5 
micron thick. Fujikura workers have 
published results with a layer as thin as 
0.1 micron, notes David C Larbalestier 
of the University 7 of Wisconsin. Paul M. 

Grant of the Electric Pow¬ 
er Research Institute, 
which has in part fund¬ 
ed Lhe Los Alamos work, 
says the Japanese group 
“has been working very 
hard and has not been 
reporting what are prob¬ 
ably some very 7 good re¬ 
sults.” The Japanese may 
have already applied for 
key patents. 

Grant's institute has 
conducted a careful anal¬ 
ysis of how ion-beam as¬ 
sisted deposition might 
be scaled up to become 
an industrial process. 
The study found no 
technical snags, he main¬ 
tains, and therefore “it 
is easy to imagine” em¬ 
ploying ion-beam assist- 
& ed deposition to make 
° commercial quantities 
of wire. But there are 
many miles of wire still 
to go. —Tim Beardsley 



SUPER TAPE is held by Los Alamos researchers Paul Arendt f Kindi Wu 
and Steven R, Foltyn, The tiny sample may mark a breakthrough, 
bringing superconductors closer to market 
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PROFILE: JAMES RANDI 


A Skeptically Inquiring Mind 



Y ou communist pervert creep . 
Breakfast at the San Jose Holiday 
inn restaurant has continued for 
more than three hours now, and it be¬ 
comes dear why such letter salutations 
are common for James “The Amazing" 
Randi. Despite a kindly appearance— 
he resembles a trimmer and shorter 
Santa Claus—sacks full of hate mail ar¬ 
rive at his door routinely, “Really vitri¬ 
olic stuff," he comments, “and then 
they're signed, 'Yours in Christ.'" 

Threats of death only make him testy, 
though. He invited one such letter writ¬ 
er to a lecture and punched him 
in the mouth. “1 don't take crap 
from people, 1 did for a long 
time in my life. Pm not the nice 
little boy anymore." 

The 66-year-old Randi is an 
expert on crap. “I lecture on 
bullshit," he explains by way of 
indicating his main source of in¬ 
come. The former professional 
magician has become perhaps 
the world’s leading investigator 
of pseudoscientific and para¬ 
normal claims. His targets have 
included faith healers, psychics, 
dowsers and other charlatans. 

He has been drafted to explore 
homeopathic results and per¬ 
petual motion machines. Along 
the way he helped to found the 
Committee for the Scientific In¬ 
vestigation of Claims of the 
Paranormal (CSICOP), a skeptics 
organization based in Amherst, 

N.Y., w f hich publishes the bi¬ 
monthly Skeptical Inquirer. 

Years of performing magic—he has 
accumulated innumerable television ap¬ 
pearances, including more than 30 on 
the Tonight Show— have equipped Ran¬ 
di with a useful skill; “l have a peculiar 
expertise that enables me to do two 
things very' well. I know how people arc 
deceived, and I know how people de¬ 
ceive themselves." Unlike scientists, 
Randi points out, magicians are taught 
methods of trickery. Scientists think 
logically, but the swindler does not, and 
like a magician, “he gives you lots of 
very good evidence that’s false, A magi¬ 
cian doesn't say, This is an empty box.' 
He drops the box on the stage, and it 
sounds like an empty box." 

Because Randi understands such mis¬ 
direction, he can devise countermea¬ 
sures. To expose a fellow who claimed 
to turn the pages of a telephone book 


by mind alone, Randi sprinkled bits of 
Styrofoam around the book, figuring 
that the trickster was actually flipping 
the pages by exhaling discreetly. A 
breath would disturb the Styrofoam, 
Sure enough, the man balked. “You can't 
slip a trick by Randi," observes Barry 
Karr, the executive director of CSICOP. 

Despite exposing charlatans, Randi 
does not hesitate to practice some flum¬ 
mery. In explaining the art of decep¬ 
tion, he is all too ready to bend a couple 
of spoons and to make sugar packets 
and crumpled paper napkins disappear. 


Td take that as proof of divinity my¬ 
self,” he deadpans and suggests I pock¬ 
et the damaged utensils, in case the du¬ 
tiful waiter who keeps hovering about 
notices. 

Not that scientists should be taught 
magic tricks. “But what they should 
know," Randi insists, "is that there are 
things beyond their expertise." Too 
many academics think they are too 
smart to be fooled. "Physicists are most 
easily deceived, because they deal in a 
real world of objects," Randi says, not¬ 
ing that their natural inclination is to 
take anomalies as discoveries rather 
than as hoaxes. 

Of course, scientists fall prey to self- 
delusion as readily as anyone else. 
Jacques Benveniste of the University of 
Paris-South claimed that w ? ater could 
“remember" the molecular structure of 


antibodies. Then there are Stanley Pons 
and Martin Fleischmann's pronounce¬ 
ments about cold fusion and John E. 
Mack of Harvard University, who con¬ 
cludes that some adolescents really 
were abducted by UFOs. 

Some suspicious assertions, though, 
cannot be debunked easily. Physicist 
Robert Jahn of Princeton University has 
found that people seem to be able to in¬ 
fluence the outcomes of a random-num¬ 
ber generator by mere thought. Randi 
suggests that the key to this telekinetic 
claim may lie with Brenda Dunne, Jahn's 
chief investigator, who is well known in 
the parapsychology field. “She's not 
very cooperative. She won’t let people 
see the program or allow them to inter¬ 
fere with the protocol I think it raises 
certain doubts whether these experi¬ 
ments will ever be replicated," Randi 
opines. “It is such a big experi¬ 
ment. Nobody in the skeptics 
field can afford to do it" 

Such practical limits might 
only exacerbate the current re¬ 
surgence of belief in the para¬ 
normal. "The communications 
media have made it available to 
everyoneRandi observes. He 
rites a self-proclaimed psychic 
who calls himself "The Great 
Samaritan." Advertising on 
Spanish-language television, he 
asks viewers to dial a 900 num¬ 
ber for psychic advice. With 
caller- iden tifica t i on technol ogy 
and banks of networked com¬ 
puters at their disposal, opera¬ 
tors can obtain financial and 
= health records, convincing their 
< unsuspecting callers of their as- 
| trological prowess. 

* The economic cost of such 
exploitation is difficult to ascer¬ 
tain, but Randi believes it 
amounts to hundreds of mil¬ 
lions of dollars in faith healing alone. 
In rooting through nearby dumpsters 
after one such show, he found many $5 
checks—apparently too small a sum to 
bother depositing, given the suitcases 
full of cash that had just been loaded 
into the limousine. 

So profitable is the field and so pow¬ 
erful is the allure of the paranormal 
that exposed psychics can easily set up 
shop again. A case in point is the faith 
healer Reverend Peter Popoff, whom 
Randi defrocked in 1986. Randi inter¬ 
cepted and taped radio transmissions 
from Popoff s wife to her husband as he 
worked the audience and "read" their 
minds. His wife had previously inter¬ 
viewed these people and was directing 
her husband, who wore a concealed ear¬ 
phone. Obscenities, insults and jokes 
fill the tape. "A guy showed up with tes- 



THE AMAZING RANDI exposes all manner of pseudo- 
science and the paranormal 
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ticular cancer, and he\s there dying, and 
they're laughing at him," Kandi exclaims. 
After the California Attorney General's 
Office declined to shut down the min¬ 
istry (citing the separation of church 
and state), Randi appealed to a higher 
authority: Johnny Carson, Public expo¬ 
sure of the tape eventually forced Pop- 
off into bankruptcy. 

“But now Popoff is back in business,” 
Randi laments. “There's no continuing 
agency or law that will stop him from 
doing the same thing all over again.” A 
change in the name of the ministry and 
a new location are all that is needed. 

Many people reject scientific thinking 
because science deals with probabilities, 
not black-and-white answers. Randi 
finds that devotees of faith healers 
mostly watch soap operas and pro¬ 
fessional “wrestling" because those 
programs provide definitive out¬ 
comes. “You will be amused at your 
own expense If in (he long run you 
don't take them seriously,” he warns. 
“These are facts of life for very many 
people.” A case in point is his own 
brother. “He believes in cuckoo 
stuff," Randi remarks of the sibling 
with whom he has largely lost touch. 

Randi developed his skepticism 
early in life. A child prodigy, Randall 
James Hamilton Zwinge was given 
permission at age 12 to study inde¬ 
pendently out of the classroom. He 
used the opportunity to his advan¬ 
tage, wandering the streets of his 
native Toronto and venturing into a 
theater where he witnessed magi¬ 
cian Harry Blackstone, Sr„ levitating 
a woman. “I remember categorizing 
it,” Randi states. “Either it was some 
sort of misperception, or some sort 
of mechanical or physical trick.” 
Trips to the library and mentoring 
by Blackstone enabled Randi to de¬ 
velop his own conjuring abilities. 

Those skills served him well. “I 
didn't find much point in graduat¬ 
ing, because I had met several peo¬ 
ple ahead of me at the University of 
Toronto, and they didn't seem to know 
how to think, how to originate materi¬ 
al,” Randi explains. “That was not my 
idea of an education." Instead a 17-year- 
old Randi joined a traveling carnival, in 
part to overcome his acute shyness: 
“The most difficult thing to do,” he rea¬ 
soned, "would be to face an audience.” 

He became known as Prince Ibis, a 
mentalist who wore “a funny black tur¬ 
ban," Randi recalls. “I just about died. It 
was a terrible experience, having to w^alk 
out in front of a really savage crowd.” 
Nevertheless, he stuck with it and soon 
graduated to the nightclub circuit, even¬ 
tually adopting his stage name and 
legally becoming James Randi. 


Moving from magic to debunking was 
a small step. “They're both part of the 
same thing,” Randi says. Even so, his 
first investigation, at age 15, got mixed 
results. An evangelist at a local church 
w j as apparently answering sealed re¬ 
quests from his congregation by men¬ 
tally reading the contents. “He was do¬ 
ing the one-ahead method,” deduced 
Randi, who stormed to the pulpit and 
fished out the last opened envelope to 
show r that the preacher was answering 
the previous question, not the one in 
the sealed envelope. For his troubles, 
he was roundly booed and escorted to 
the police station. “At that moment, I 
became determined that I was going to 
spend some time doing this. One of 
these days, they will listen," Randi 



MAGIC AND DEBUNKING are essentially the 
same thing , notes Randi as he levitates some 
dice—at least momentarily. 

vowed “And by golly, they are listening.” 

Debunking occupies most of Randi's 
time. “Nature abhors a vacuum; Randi 
abhors free time," he sums up. “IVe got 
a busy life ahead and so many projects 
under way. The minute before 1 die, I 
want to be exceedingly annoyed over 
the fact that I've got a lot of unfinished 
projects. That's going to be a happy 
time for me.” 

For Randi, the rewards for a hectic 
schedule come in the appreciation he 
feels from young people, many of 
whom beat a path to his Florida home 
in the hopes of following in his foot¬ 
steps. But the skeptic has not found 
any suitable proteges. “You have to be 
a little nuts to fly in the face of what Is 


popularly accepted,” he concludes. “You 
have to be totally dedicated and be a 
little obsessed,” 

And being such an outspoken critic 
does have its drawbacks. He has been 
sued several times for allegedly defam¬ 
atory comments, the most notorious 
about spoon-bender Uri Gelier. In an 
newspaper Interview, Ranch claimed 
that Gelleris abilities derived from the 
kinds of tricks printed on cereal boxes. 
Gelier sued both Randi and CSICOP. "In 
my opinion, he was getting desperate 
for funds," Randi remarks. “He thought 
he would always be able to make a liv¬ 
ing by bending spoons. A dumb profes¬ 
sion if 1 ever heard of it,” The courts 
ruled in favor of the skeptics and or¬ 
dered Gelier to pay $150,000 in sanc¬ 
tions, This past March, CSICOP an¬ 
nounced that it had settled with 
Gelier for somewhat less than that 
amount. 

The legal action, however, has had 
some negative impact. “These law¬ 
suits from psychics have wiped me 
out financially,” Randi complains. 
That includes the $272,000 MacAr- 
thur fellowship he received in 1986. 
The lawsuits have also made Randi 
more circumspect in his declara¬ 
tions. “I am being more careful about 
what I say,” he concedes, “l have a 
right to an opinion—it just depends 
on how it's phrased.” Others seem 
equally cautious: CSICOP relies on 
prepared statements rather than 
any verbal comment. 

Perhaps more disconcerting for 
Randi are his sour feelings for CSI¬ 
COP. “They got wimpy on me,” Ran¬ 
di groans. “They essentially forced 
me to resign. They were afraid of 
my continuing to make statements 
about Gelier.” The official policy of 
the organization is that individual 
members do not speak for the group. 
As a result, CSICOP's insurance com¬ 
pany has been balking at recouping 
Randi's losses, although he is cur¬ 
rently trying to recover some cash. 

Randi is unsure if he wants to rejoin 
CSICOP. “I never heard any kind of ad¬ 
mission that they had cut me adrift, de¬ 
serted me when I needed them." Randi 
becomes somewhat philosophical. “Hey, 
I'm not complaining, believe me,” he 
says. “I consider CSICOP my baby. Pm 
happy it's in good hands, and I'll al¬ 
ways do anything for the committee to 
promote It.” 

It is almost noon. Feeling a bit guilty 
about the damaged flatware, I leave a 
larger than usual tip, I wonder what to 
say to airport security if the bent spoons 
set off the metal detector. “Do what I 
do," Randi advises. “Tell them it's a 
hobby.” —Philip Yam 
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The Problematic Red Wolf 


Is the red wolf a species or a long-established hybrid 
of the gray wolf and the coyote? Such distinctions may affect 
ongoing efforts to save a variety of endangered species 


by Robert K. Wayne and John L. Gittleman 
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I n the 18th and 19th centuries, resi¬ 
dents of the American Southeast 
often described encounters with 
creatures they called red wolves: long- 
legged, cinnamon-colored animals that 
came to be named Canis rufus. By the 
early 1970s, however, hunting of ani¬ 
mals that preyed on livestock and the 
conversion of woodlands to crop fields 
had caused the once widespread red 
wolf population to shrink to a single 
group in eastern Texas and southwest¬ 
ern Louisiana, By the late 1970s even 
that cluster had disappeared. 
Fortunately, quick action by the U.S. 
Fish and Wildlife Service—proceeding 
under the authority of the Endangered 
Species Act—established a captive pop¬ 
ulation before the wolves vanished en¬ 
tirely. The task was not easy: many of 
the remaining animals had mated with 
an abundant close relative, the coyote 
( C . latram X producing hybrid offspring. 
But scientists were able to find 14 red 
wolves apparently having no trace of 
coyote ancestry, and they succeeded in 
establishing a breeding program with 
those animals. As a result, several hun¬ 
dred red wolves live in captivity today, 
providing a source for ongoing reintro¬ 
duction of wolves into such places as 
the Great Smoky Mountains National 
Park in Tennessee. The preservation 
effort has been successful beyond ex¬ 
pectation and serves as a model for 
how to rescue an endangered species 
from the brink of extinction. 

Nevertheless, saving a species through 
captive breeding and reintroduction is 
expensive. The projected budget of the 
Fish and Wildlife Service for field study 
and maintaining captive breeding facil¬ 
ities for red wolves over the next five 
years is about $4.5 million. The cost of 
preserving the red wolf and other en¬ 
dangered species has recently focused 
new interest on the criteria biologists 
should use to decide which animals 
should receive the greatest attention. 

The issue remains open because the 
Endangered Species Act extends to ah 
manner of endangered groups equally, 
regardless of whether they are species, 
subspecies (populations displaying mi¬ 
nor differences from one another) or, 
under certain circumstances, hybrids, 
which result from the cross of two spe¬ 
cies, Yet in the face of growing numbers 
of threatened populations and declin¬ 
ing resources, conservation biologists 
are forced to practice a form of triage: 


RED WOLF, protected by the Endan¬ 
gered Species Act, may not be a distinct 
species after all. New genetic evidence 
indicates the red wolf could be a hybrid 
of the coyote and the gray wolf. 


they must determine which groups 
among the many endangered ones 
should be saved and how much effort 
to devote to each organism. 

Some decisions are straightforward. 
The giant panda, a symbol of the con¬ 
servation movement, is nearly extinct 
and is the only living representative of 
an entire subfamily of bears. Few would 
doubt that it is more deserving of pres¬ 
ervation than a minor subspecies of an 
otherwise well-populated species. But 
many cases are less clear-cut. In those 
instances, biologists generally concen¬ 
trate more on the last representatives 
of a species than on a dwindling sub¬ 
species or ephemeral hybrid popula¬ 
tion. Yet, as our research into the prop¬ 
er taxonomic classification of the red 
wolf demonstrates, determining wheth¬ 
er a population constitutes a separate 
species can often be problematic. 

What Is a Species? 

D eciding whether a given population 
constitutes a species can be diffi¬ 
cult in part because there is no single 
accepted definition of the term. Years 
ago evolutionary biologist Ernst W. 
Mayr, propounding what is called the 
biological species concept, proposed 
that the definition be based on repro¬ 
ductive compatibility. Specifically, he 
considered a species to be a group of 
animals that can mate with one anoth¬ 
er to produce fertile offspring but can¬ 
not mate successfully with members of 
a different group. 

Yet tills idea can be too restrictive. 
First, mating between spedes (hybridiza¬ 
tion), as often occurs in the canine fam¬ 
ily, is quite common in nature. Second, 
in some instances, the differences be¬ 
tween two populations might not pre¬ 
vent them from interbreeding, even 
though they are rather dissimilar in 
traits unrelated to reproduction; one 
might question whether such disparate 
groups should be considered a single 
species. A third problem with the bio¬ 
logical species concept is that investi¬ 
gators cannot always determine wheth¬ 
er two groups that live in different 
places are capable of interbreeding. 

When the biological species concept 
is difficult to apply, some investigators 
use phenotype, an organism's observ¬ 
able characteristics, as a surrogate. Two 
groups that have evolved separately are 
likely to display measurable differences 
in many of their traits, such as the size 
of the skull or the width of the teeth. If 
the distribution of measurements from 
one group does not overlap those of 
the other group, the two groups might 
be considered distinct species. .Another 
widely discussed idea designates a spe¬ 


cies based on the presence of some 
unique characteristic not found in any 
other closely related organism—for ex¬ 
ample, the upright posture of humans— 
or a distinguishing sequence of nucleo¬ 
tides (DNA building blocks) in a gene. 

Proving that the red wolf fits any of 
these descriptions has been extremely 
challenging. For instance, the red wolf 
is not a species by Mayris definition, 
because it can breed extensively with 
the coyote and the gray wolf (C. lupus). 
And efforts to classify the red wolf 
based on its phenotypic traits have 
yielded ambiguous results. John James 
Audubon and John Bachman, who de¬ 
scribed the red wolf in their classic 
1851 book, Viviparous Quadrupeds of 
North America, had difficulty distin¬ 
guishing the red wolf from the physi¬ 
cally similar coyote and gray wolf. Mod¬ 
ern researchers looking at phenotypic 
traits have variously concluded that 
the red wolf is a subspecies of the gray 
wolf, a hybrid of the coyote and the 
gray wolf, and a full-fledged species. 

The strongest evidence that red 
wolves constitute a separate species 
comes from Ronald M. Nowak of the 
Fish and Wildlife Service. In 1979 he 
studied 15 cranial and dental character¬ 
istics of domestic dogs, red wolves, coy¬ 
otes and gray wolves. He found that in 
size and structure, skulls of red wolves 
collected before 1930 fell roughly mid¬ 
way between those of the coyote and 
the gray wolf and could indeed be dis¬ 
tinguished from skulls of those two spe¬ 
cies. Additional analysis of the fossil 
record in North America led him to con¬ 
clude that the red wolf first appeared 
about one million years ago, early in the 
Pleistocene period and thus before the 
emergence of the modern coyote and 
the gray wolf. Because of the red wolfs 
apparent ancient origin, he surmised it 
w r as the ancestor of the other two spe¬ 
cies and had a long and distinct evolu¬ 
tionary history. 

Nowak also determined that red wolf 
skulls collected after 1930 more close¬ 
ly resembled coyote skulls. He rea¬ 
soned that beginning in the 1930s red 
wolves became rare as a consequence 
of human activities, including destruc¬ 
tion of the animals' habitat and estab¬ 
lishment of predator-control programs. 
The remaining red wolves then began 
to breed with coyotes, so that a red 
wolf-coyote hybrid population emerged. 

Our study has led us to conclude, 
however, that measurements of skulls 
are of dubious help in determining the 
species status and evolutionary history 
of the red wolf. We now maintain that, 
in fact, Now f ak T s cranial data are consis¬ 
tent with the possibility that the red 
wolf is a hybrid of the gray wolf and the 
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RED WOLF, COYOTE AND GRAY WOLF 
can be hard to tell apart by appearance 
alone. But die red wolf (left) \& general¬ 
ly larger than the coyote (top, center >, 


coyote. !f those two species crossbred, 
one would expect to find precisely the 
intermediate phenotype Nowak detect¬ 
ed. Indeed, coyotes and gray wolves 
have been observed to mate in certain 
parts of Canada, and the resulting ani¬ 
mals had skull dimensions resembling 
those Nowak found for the red wolf. 

Diagnostic Genes 

W e came to our conclusion after per¬ 
forming extensive genetic analy¬ 
ses that we originally anticipated would 
prove red wolves constitute their own 
species. Dissatisfied with the ambiguity 
of the existing data, in 1989 we sought 
evidence that the third definition of spe¬ 
cies would apply: the red wolf would 


DNA—a property that is useful for trac¬ 
ing an organism’s genetic history. 

Certain species, particularly those 
that have appeared relatively recently 
on an evolutionary time scale, cannot 
easily be distinguished solely by differ¬ 
ences in their nuclear DNA. But analy¬ 
ses of selected sections of mitochon¬ 
drial DNA often reveal changes that can 
discriminate one species from another. 
For example, the sequences of nucleo¬ 
tides in the mitochondrial DNA of coy¬ 
otes and gray wolves differ by about 4 
percent, whereas the sequence of 
African black-backed jackals (C. meso- 
melas) differs from those two species 
by about 8 percent. This latter differ¬ 
ence is comparable to that separating 
humans and apes, indicating that the 


acteristic of coyotes and gray wolves 
but no unique red wolf pattern. 

The discovery of coyote and gray wolf 
sequences in DNA from red wolves was 
unexpected and is one of the findings 
that makes us suspect the red wolf is a 
hybrid. We had an idea of how to ex¬ 
plain this odd result because we had 
previously encountered a similar phe¬ 
nomenon. When analyzing segments of 
mitochondrial DNA from gray wolves 
in Minnesota and eastern Canada, we 
noted that many of the gray wolves car¬ 
ried coyote mitochondria] DNA. 

We speculated that this situation arose 
because coyotes had entered Minneso¬ 
ta and eastern Canada during the pre¬ 
vious 90 years, expanding their range 
as the number of gray wolves declined 
in response to predator-control pro¬ 
grams and altered habitats. The thinly 
dispersed gray wolves then mated with 
the numerous and widespread coyotes, 
producing hybrid offspring. When male 


possess some unique trait—perhaps an 
unusual stretch of DNA—that marked 
it as an entity distinct from the coyote 
and the gray wolf. W r e therefore exam¬ 
ined segments of DNA from both the 
nucleus and mitochondria of cells ob¬ 
tained from the three pul alive species. 

Nuclear DNA differs from mitochon¬ 
drial DNA in a few ways. Nuclear DNA 
contains the multitude of genes that 
give rise to the physical and behavioral 
traits of an organism; it is inherited 
from both parents, so that each indi¬ 
vidual receives one set of genes from 
the mother and a matching set from 
the father. Mitochondria] DNA, in con¬ 
trast, includes relatively few genes, 
which primarily code for proteins the 
mitochondria need in order to produce 
energy for cells. Mitochondrial DNA is 
inherited only through the mother. Fur¬ 
ther, its nucleotide sequence changes, 
or evolves, faster than that in nuclear 


jackals are distant cousins of the more 
closely related gray wolves and coy¬ 
otes, but all three should be considered 
distinct species. 

We began our genetic studies by 
comparing segments of mitochondrial 
DNA from red wolves currently in the 
breeding program with the correspond¬ 
ing segments in coyotes and gray 
wolves. We found nothing to distinguish 
the red wolf from the other two species. 
For example, one region of mitochondri¬ 
al DNA from red wolves that we exam¬ 
ined was virtually identical to the cor¬ 
responding region from coyotes living 
in Louisiana. We subsequently exam¬ 
ined mitochondrial samples saved from 
red wolves, coyotes and their hybrids 
capuired in east Texas between 1974 
and 1976, during the establishment of 
the captive breeding program. (Gray 
wolves had disappeared from Texas by 
then.) We found gene sequences char¬ 


gray wolves mated with female coyotes, 
their hybrid offspring inherited only 
coyote mitochondrial DNA, which, as 
noted, is transmitted solely along ma¬ 
ternal lines. Bui these early hybrids in¬ 
herited half of their nuclear DNA from 
their coyote mothers and half from their 
gray wolf fathers. In consequence, they 
looked like an intermediate between a 
coyote and a gray wolf. 

When these hybrids mated with pure 
gray wolves, in a phenomenon called 
backcrossing, the resulting offspring ap¬ 
peared slightly more wolflike than their 
parents. As subsequent generations of 
hybrids continued to mate with gray 
wolves, traces of the original coyote nu¬ 
clear DNA disappeared, and the prog¬ 
eny increasingly came to resemble gray 
wolves. But all hybrids that could trace 
their heritage back to the original gray 
wolf-coyote cross through female ances¬ 
tors retained the coyote mitochondrial 
DNA from the original coyote mother. 
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Recalling this scenario, we began to 
wonder whether the original red wolves 
in the captive breeding program were 
actually recent descendants of red wolf- 
coyote hybrids and possibly even de¬ 
scendants of gray wolf-coyote hybrids. 
But perhaps early generations—born 
before frequent crossbreeding began to 
occur—were pure red wolves. We exam¬ 
ined this possibility by going back fur¬ 
ther in time, to before the 1930s, the era 
when, according to Nowak, red wolves 
supposedly had not yet begun to cross¬ 
breed to any significant extent. If the 
red wolf was once a distinct species that 
began to crossbreed only in the 1930s, 
historical samples should reveal a ge¬ 
netic sequence unique to the red wolf. 
Alternatively, if the red wolf resulted 
from breeding between gray wolves and 
coyotes, older specimens should also 
show a mix of coyote and gray wolf 
DNA, just as the modem samples did. 

Thanks to the recently developed 



and its fur can be tawnier. The gray wolf (below) is typically the largest; its 
coloring varies a great deal. Measurements of skulls have revealed that the 
dimensions of the red wolfs skull fall in between those of the coyote's and 
the gray wolfs skulls. 



polymerase chain reaction, which can 
produce large numbers of copies of se¬ 
lected bits of DNA [see "The Unusual 
Origin of the Polymerase Chain Reac¬ 
tion," by Kary B. Mullis; Scientific 
American, April 1990] and to the 
Smithsonian Institution's fur vault, we 
were able to examine sections of mito¬ 
chondrial DNA from the skins of six 
red wolves that died before 1930. To 
our surprise, we once more failed to 
hod diagnosabie red wolf DNA se¬ 
quences different from those of the 
coyote or the gray wolf. On the basis of 
such findings, we deduced that the red 
wolf may not be a unique species. 

Our views were not well accepted by 
the Fish and Wildlife Service, whose re¬ 
searchers argued that their evidence 
still supported the theory that the red 
wolf was a spedes and indeed an ances¬ 
tor of the gray wolf. Although some of 
the resistance to our hypothesis may 
have been motivated by politics—the 


HISTORICAL 



MODERN 



OVERLAPPING RANGES of the red 
wolf, coyote and gray wolf, deduced 
from historical records (top), may 
have led to considerable crossbreed¬ 
ing among the groups in the 18th and 
19th centuries. Human changes to the 
environment have significantly dimin¬ 
ished modern ranges ( bottom ) of the 
red wolf (shown shortly before protec¬ 
tion efforts began) and the gray wolf. 
But the coyote’s range has expanded. 
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microsatellite region Clues from Nuclear DNA 

D istinctive sections of nuclear DNA, known as microsatellites, 
have provided strong evidence that red wolves do not consti¬ 
tute a unique species. Microsatellites consist of short, repeating 
sequences of nucleotides; a single microsatellite may consist of, 
say, eight repeats of a unit composed of two nucleotides—cytidy- 
late (C) and adenylate (A). If at some given DNA site, or locus, a 
population possesses a microsatellite that is shorter or longer 
than the microsatellites found at the same locus in other animals* 
the divergence can be a sign that the population in question belongs to a separate species. 

In a study involving several hundred red wolves* coyotes and gray wolves* the authors catalogued the number of re¬ 
peating CA units that occurred in 1 0 microsatellite loci. For example, atone selected site, they identified five microsatel- 
lite variants* labeled A, B* D, E and G {above). Microsatellites in this region from red wolves and coyotes were always of 
the A or B types {below), but those from gray wolves included additional, unique versions. Similar analyses at the nine 
other loci demonstrated that only coyotes and gray wolves possess unique microsatellites; ail microsatellites carried by 
red wolves can be found fn either coyotes or gray wolves. This finding indicates red wolves have not diverged enough 
genetically from gray wolves and coyotes to be considered a separate species. 

RED WOLF COYOTE GRAY WOLF 

A CACAOAC AC ACAO AC A A CACACACACACACACA A CACACACACACACACA 

B CACACACACACACACACA B CACAOACACACACACACA B CACACACACACACACACA 

D ACACACACACACACACACACA 

E CACACACACACACACACACACACA 
G CACACACACACACACACACACACACACA 



A CACACACACACACACA 
B CACACACACACACACACA 
D CACACACACACAC 
E CACACACACACACACACACACACA12 
G CACACACACACACACACACACACACACA14 


red wolf project was a flagship program 
for endangered species preservation— 
complaints that our data seemed in¬ 
conclusive were fair. After all* we had 
been able to examine one type of DNA 
from only six wolves that lived before 
1930; perhaps we had simply missed 
the distinct genetic trait. 

To expand our studies, we turned to 
nuclear DNA, comparing selected seg¬ 
ments in red wolves, coyotes and gray 
wolves. We made use of a discovery by 
Diet hard Tautz, now at the University 
of Munich, who found that some short, 
simple and common sequences of nu- 
deoLides repeat themselves at particu¬ 
lar sites, known as microsateilites, in 
nuclear DNA and that the number of 
repeats in these microsatelMies can vary 
from species to species. The length of 
the final unit can thus serve as an indi¬ 
cator, or marker, that an animal be¬ 
longs to a particular species. 

Along with several colleagues* w f e 
studied microsatellite DNA from sever¬ 
al hundred contemporary red wolves, 
coyotes and gray wolves. Again we 
found no evidence that red wolves form 
a unique spedes. Of course, the similar¬ 
ity between red wolves, coyotes and 
gray wolves may have been the result of 
recent crossbreeding* and so we sought 
a historical perspective once more. 

Using pre-1930s skins stored at the 
Smithsonian's fur vault, our colleagues 
Michael S. Roy of the Institute of Zoolo¬ 
gy in London and Deborah Smith of the 
University of California at Los Angeles 


examined 10 different microsatellite re¬ 
gions from 16 skins identified by otl> 
ers, including Nowak* as deriving from 
red wolves. Still, we delected no sign 
that the DNA of red wolves was cleaTly 
distinct from that of either gray wolves 
or coyotes living in the same period. 

Hybrid Hypothesis 

T he collected findings from both 
modern and historical wolves and 
coyotes has led us to the following hy¬ 
pothesis, which is accepted by many in¬ 
vestigators but is still disputed by some. 
Sometime in the recent past, cross¬ 
breeding between the gray wolf and the 
coyote began to occur. Our data do not 
allow 7 us to pinpoint exactly when the 
crossbreeding began, but we speculate it 
might have been during the early years 
of European migration. As European 
settlements expanded in the 1700s, die 
conversion of woodlands for agricul¬ 
ture and the killing of gray wolves pro¬ 
duced conditions similar to those seen 
recently in Minnesota and eastern Cana¬ 
da. The gray wolf population dwindled, 
leading the survivors to mate more fre¬ 
quently with coyotes. The resulting hy¬ 
brid animals, gray wolf-coyote cross¬ 
breeds, were of intermediate size and 
had characteristics that were later clas¬ 
sified as attributes of the red wolf, in 
subsequent years, as gray wolves disap¬ 
peared in the southern U.S., gray w r olf- 
coyote hybrids mated with coyotes 
more frequently and became more coy¬ 


otelike, a trend we believe is reflected 
in Nowak's observation that the skulls 
of red wolves became more coyoteiike 
after 1930. 

Furthermore, our study suggests 
crossbreeding among the three sup¬ 
posed spedes was well advanced by the 
turn of the 20th century. Red wolves 
captured before 1930 are very similar 
genetically to those captured in the 
1970s and used to start the captive 
breeding program. This result is good 
news for the breeding program in that 
it means reestablishment of a wild 
population of red wolves with individu¬ 
als from captivity 7 has indeed preserved 
the genetic makeup possessed by the 
wild red wolf. News of the genetic simi¬ 
larities among red wolves, coyotes and 
gray wolves, however, is disappointing 
to those who believed the program was 
protecting a long distinct species. Be¬ 
cause crossbreeding among the three 
groups continued during various peri¬ 
ods in their history' and throughout 
their range, w^c feel the red wolf never 
truly developed into a separate spedes. 

If biologists focused solely on species 
status as the guide for determining 
whether an endangered group should 
be protected, such findings could be 
the death knell for the red wolf. Yet 
there are compelling reasons protection 
should continue. Captive breeding of the 
red wolf may have preserved unique 
physical characteristics or behaviors 
not revealed in the studies done so far. 
More important* such qualities may not 
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be easily regenerated through the mat¬ 
ing of modern gray wolves and coyo¬ 
tes. Some investigators have suggested 
that the red wolf arose from hybridiza¬ 
tion between the coyote and a southern 
subspecies of gray wolf that is now ex¬ 
tinct. Consequently, a cross of the mod¬ 
ern eastern gray wolf with the coyote 
would produce an animal similar in 
many ways but potentially different in 
behavior, fur coloring or other charac¬ 
teristics. Thus, the red wolf may be the 
last, albeit impure, repository of genes 
from a now T extinct gray wolf subspe¬ 
cies and as such should certainly he 
preserved. Additionally, ecological con¬ 
cerns need to be considered. Red 
wolves, even if they are hybrids of coy¬ 
otes and gray wolves, are once again 
important predators of many wild ani¬ 
mals, including rodents, rabbits and 
deer, in the south central U.S. The red 
wolf may also play a role in some habi¬ 
tats that its smaller kin, the coyote, 
cannot entirely fill. 

Protecting the Red Wolf 

T o protect the genetic makeup of to¬ 
day's red wolves, conservation pro¬ 
grams must strive to keep red wolves 
from breeding with coyotes, which are 
abundant throughout the planned rein¬ 
troduction sites. Hybridization might 
be reduced if several red wolf packs 
were placed in an area simultaneously; 
large groups of red wolves stand a bet¬ 
ter chance of excluding coyotes from 
their habitat than do small groups. Be¬ 
cause coyotes are ubiquitous in the 
American Southeast, it is hard to find 
regions where they are sparse. Removal 
or extermination of coyotes might alle¬ 
viate this problem, but that solution im¬ 
plies a measure of red wolf chauvinism. 

The case of the red wolf suggests to 
us that in deciding which animals to 
protect most assiduously, biologists 
must look beyond the taxonomic clas¬ 
sification of an endangered hybrid or 



FUR VAULT at the Smithsonian Institu¬ 
tion provided skins of red wolves (at 
right in inset), gray wolves (at left in in¬ 
set) and coyotes (above) for genetic anal¬ 
yses of animals that died before 1930. 


subspecies; they should also take into 
account its unique function in an eco¬ 
system or possession of special traits 
that cannot be reproduced by cross¬ 
breeding of contemporary representa¬ 
tives from the parental species. 

The fact that the red wolf may be a 
repository of genes from an extinct sub¬ 
species of gray wolf is just one example 
of this principle. In another example, a 
hybrid species may result from a single 
initial crossing of two species and the 
subsequent evolution of the offspring 
in isolation from their ancestral species; 
consequently, those descendants will 
have unique traits and, in our opinion, 
deserve protection as a separate spe¬ 
cies. Many plant species, for instance, 
arise in this way. 

Such situations must be distinguished 
from those in which crossbreeding oc¬ 
curs frequently over a wide geographic 
area and may reflect human changes to 
the surroundings. In these cases, the 
hybrids may not possess unique traits. 
Even these hybrid groups, however, 
should not automatically be excluded 
from conservation efforts; they should 


be examined on an individual basis. 

Human changes to the environment 
can sometimes bring together two pop¬ 
ulations that proceed to crossbreed; we 
believe the resultant hybrids from such 
unnatural matches generally should not 
be protected if their numbers start to 
fall. But hybrids that have arisen from 
populations that overlap naturally de¬ 
serve special consideration as integral 
parts of their ecosystems. 

Molecular analysis of DNA can pro¬ 
vide insight into the history of endan¬ 
gered or rare species. Moreover, such 
an approach can provide a yardstick 
with which one can measure the differ¬ 
ences between populations. For the red 
wolf, we feel the problem of classifica¬ 
tion was largely resolved by DNA test¬ 
ing. But the issues raised by identifying 
the red wolf as a hybrid species high¬ 
light the difficulties of determining how 
to rank endangered species, subspecies 
and hybrids in protection efforts. Those 
challenges need closer attention if con¬ 
servation biologists are to make the 
best possible choices for the preserva¬ 
tion of our natural heritage. 
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Protecting the 
Greenback 

Digital color systems can reproduce paper 
money with disconcerting accuracy. The U.S. 
government’s response is a new series of notes 

by Robert E. Schafrik and Sara E. Church 


S urprisingly, paper currency re- 
mains a cornerstone of modem 
commerce. The predicted “cash¬ 
less society ” in which all transactions 
are made with checks, credit cards, deb¬ 
it cards and electronic transfers, has not 
yet materialized. More Qian $380 billion 
in US. currency is estimated to be circu¬ 
lating worldwide, and demand for the 
bills increases annually at a rate of 
about 5 percent. In the 199S fiscal year 
alone, the U.S. Treasury Department’s 
Bureau of Engraving and Printing is 
scheduled to deliver more than nine 
billion new notes, with a total value ex¬ 
ceeding $130 billion. Almost a fifth of 
the SO billion banknotes circulated in 
the world are U.S. currency. 

Internationally, the greenback holds 
a unique position, serving as a de facto 
world currency, accepted universally 
and even held as an investment where 
local economies are uncertain. Because 
of this special status, changes to U.S. 
currency are not made lightly. In fact, 
the basic design of U.S. currency has 
not changed significantly since 1928. 

During the next few months, however, 
presses at the Bureau of Engraving and 
Printing will begin rolling out currency 
with a fundamentally new design. With 
a larger, off-center portrait, a matching 
watermark and other new' elements, the 
first note in this series, a $100 bill, will 
be issued in 1996. Then, at onc-year in¬ 
tervals, the bureau will introduce new' 
$30, $20, $10, $3 and possibly $1 bills. 
Although such a sweeping currency 
change in the U.S. is unusual, many 
countries routinely modify the Look of 
their money. Canada, Australia, France, 
South Korea and Argentina, to name a 
few, have all redesigned their paper 
notes recently or are now doing so. 

The main purpose of these programs 
is to make the currency more secure 
against counterfeiting—the threat of 
which has resurged in recent years with 
the appearance of advanced photocop¬ 


iers and computer scanners and print¬ 
ers capable of producing high-quality 
and often convincingly realistic copies. 
Dealing with this type of misuse is im¬ 
portant for the future of paper money 
because widespread counterfeiting 
strikes at the credibility' of paper cur¬ 
rency as an exchange medium. 

Countering a New Threat 

C ounterfeiting is as old as paper 
money itself, but color reprograph¬ 
ics have added a troubling spin. Tradi¬ 
tional counterfeiting methods require 
specialized printing equipment, inks, 
papers and other materials that raise 
suspicions when acquired by those un¬ 
authorized to use them. Counterfeiters 
typically invest considerable effort and 
capital to produce large amounts of 
phony notes. This modus operand! en¬ 
ables the U.S. Treasury 's Secret Service 
and other law-enforcement agencies to 
discover and seize most counterfeits 
before they are circulated. In contrast, 
the new' color reprographic technology 
allows people—and not just hard-core 
professional counterfeiters—to make 
bills in smaller amounts and at the push 
of a button, with equipment that gener¬ 
ally cannot be traced. 

The amount of counterfeit generated 
by all methods and entering circulation 
in the U.S. is on the rise, although the 
amount is still low compared with oth¬ 
er forms of fraud in financial transac¬ 
tions, In the fiscal year ended Septem¬ 
ber 30,1993, the Secret Service report¬ 
ed that $20 million in counterfeit bills 
was passed on to the U.S. public. That 
amount increased to $25 million in the 
next fiscal year, and at the halfway point 
in 1995, $15 million had already been 
passed. (To put these figures in per¬ 
spective, fraudulent checks result in 
losses estimated at $10 billion every 
year in the U.S., and counterfeit credit 
cards add at least another $100 million.) 



Color reprographics accounted for only 
a few' percent of counterfeit currency, 
but the trend, particularly in the coun¬ 
terfeiting of U.S. notes outside the 
country, is a gradual but steady shift 
toward these newer methods. 

Counterfeiting of paper money with¬ 
in the U.S. has largely been contained 
because the Secret Service seizes the 
vast majority of notes before they are 
passed. In the fiscal year 1994, $183 
million was confiscated—75 percent of 
it overseas with the help of local law- 
enforcement agencies. In the following 
six months, $ 148 million was seized, 62 
percent of ii at nonTLS. sites. If phony 
money keeps turning up at this rate, 
1995 will obviously be a banner year 
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feit" was printed on many notes in the 
colonies,) Counterfeiting persisted, 
nonetheless, forcing officials to supple¬ 
ment law enforcement with other means 
of discouragement- This is where de¬ 
terrence comes in: legitimate banknote 
designers and printers have long used 
specialized skills, technology and ma¬ 
terials to make counterfeiting harder. 

Change for a $13 

O nly twice in U.S. history' did coun¬ 
terfeiting become endemic—during 
the Revolutionary and Civil wars. Dur¬ 
ing the Revolutionary' War, the British 
carried out large-scale counterfeiting to 
undermine the financial stability of the 
various currencies used throughout the 
colonies, particularly the notes issued 
by the Continental Congress to finance 
the rebellion. 

Later, as the young country expand¬ 
ed, the need for cash intensified In the 
absence of a federal bank, this cash 
came mostly from state-chartered banks, 


whose ranks swelled rapidly. These 
banks and even some commercial en¬ 
terprises issued their own currencies, 
with distinctive designs and denominat¬ 
ing systems (including $3, $7 and $13 
notes). By the beginning of the Civil 
War, as many as 1,600 different curren¬ 
cies were effectively in circulation in the 
U.S. The huge numbers of banks (in¬ 
cluding some bogus ones), currencies 
and currency designs, insecure money¬ 
printing practices and lax, corrupt or 
unfair law enforcement combined to 
engender what is known as the golden 
age of counterfeiting. 

Of course, legitimate money printers 
were not sitting idly by amid this chaos. 
Special methods and designs for pro¬ 
ducing banknotes began taking hold to 
make the bills more difficult to counter¬ 
feit and the genuine ones easier to dis¬ 
tinguish. In fact, almost all the basic 
features and many of the processes 
used to this day to combat counterfeit¬ 
ing had their origins during this period. 
Intaglio printing came into wide use for 


for the counterfeiting of U.S. bills, al¬ 
though 90 percent will be intercepted 
before entering circulation. 

The total extent to which counterfeit 
U.S, notes are in circulation overseas is 
unknown, although anecdotal evidence 
suggests that it is a significantly larger 
problem in certain parts of Europe and 
South America than it is in the U.S, In¬ 
terestingly, the most common fake bill 
found within the U.S. is the $20 bill, 
whereas foreign counterfeiters prefer 
the $100 one. Foreign preference for 
the C-note might be partly explained by 
the fact that two thirds of all U.S. $100 
bills are believed to be abroad. 

The maximum sentence for counter¬ 
feiting in the U.S. is 15 years' imprison¬ 
ment and a $5,000 fine. In colonial times 
the most severe (but rarely imposed) 
penalty was death, (“to counterfeit 
is death” or “'tis death to counter¬ 


COUNTERFEIT DETERRENCE relies on a combi¬ 
nation of features in a single note. Faces are 
highly recognizable, especially when printed by 
the intaglio method, renowned for its ability to 
create fine detail {highly magnified at lower left). 
Pentagonal planchettes shimmer iridescently, 
and special inks can shift color, for example, 
from green to orange, with viewing angle. A se¬ 
curity strip and a watermark are visible only in 
transmitted light. A bull's-eye-like figure gener¬ 
ates a conspicuous moire pattern when copied 
by digital means. (The fantasy collage shown here 
was not based on any planned U.S. currency.) 


Scientific American July 1995 33 



currency printing in the early 1800s be¬ 
cause it required techniques, materials 
and skills not widely available. In this 
technique the image is transferred un¬ 
der high pressure from a design en¬ 
graved into a metal plate. 

High-quality “rag” papers consisting 
of cotton or linen, or some combina¬ 
tion of the two, were used, sometimes 
adorned with watermarks or fiber inclu¬ 
sions. Elaborate designs depicting skill¬ 
fully executed allegorical vignettes and 
detailed machine rulings became com¬ 
mon. Portraits were also incorporated, 
to take advantage of the easy recogni¬ 
tion of the human face. Although these 
techniques were certainly steps in the 
right direction, their usefulness w r as un¬ 
dermined by the large numbers of de¬ 
signs and issues in circulation in the 
mid-1800s, 

To help the public keep track of the 
hundreds of currencies, genuine and 
otherwise, handbooks were available 
that illustrated the special features and 
characteristic details of the different 
notes. The manuals also described the 
many individual counterfeits in circula¬ 
tion and were updated and reissued as 
the need arose. A typical example was 
Peyton's Counterfeit Detector: The. Prin¬ 
cipal Points Which Constitute a Genuine 
Banknote . It enumerated 26 character¬ 
istics of bona fide notes, contrasting 
them with counterfeits. The 1839 edi¬ 
tion described 1,395 circulating coun¬ 
terfeits and listed 20 issues of fictitious 
banks, 43 banks with worthless notes, 


54 bankrupt banks and 254 hanks with 
counterfeit notes. By 1863 as much as 
half the paper money in circulation was 
thought to be counterfeit. 

A National Currency, at Last 

T he Union's need to finance the Civil 
War finally compelled the federal 
government to establish a national 
banking system and to issue paper 
money. Thanks primarily to the efforts 
of Salmon P. Chase, the treasury secre¬ 
tary 7 during Abraham Lincoln’s presi¬ 
dency, Congress authorized the issue of 
the first U.S. Notes and also Fractional 
Notes—smalt-size bills worth less than 
$L At the Treasury Department, the 
Bureau of Engraving and Printing was 
established to print the new money. 
Along with the notes, first released in 
1862, came a comprehensive strategy 
to combat counterfeiting. 

Around this same time, the new r tech¬ 
nology' of photolithography was mak¬ 
ing the counterfeiter's job easier. By 
photograpliing the notes and using the 
negatives to etch counterfeit plates 
chemically, the counterfeiter could pro¬ 
duce large quantities of bogus notes 
without going through the tedious pro¬ 
cess of hand engraving. Photolithogra¬ 
phy, which is still the most common 
method of counterfeiting, was limited in 
two ways. Because of the nature of the 
etching process, the minute details of 
the design were lost compared with the 
original, a limitation that sLiil holds true. 
In addition, films in those days were 


sensitive only to dark and light, not to 
distinct colors. Thus, to copy a subject 
with two colors required separate steps 
to remove the secondary' ink, produce 
the plates for die main color and re¬ 
peat the process for the second color. 

To take advantage of these weakness¬ 
es, the new notes used finely detailed 
designs printed with excellent inks on 
the best paper stock. The new designs 
were executed by top engravers and in¬ 
taglio printed on both sides. Such all- 
around quality made counterfeit cop¬ 
ies, with their typically inferior methods 
and materials, all the more readily dis¬ 
tinguishable by comparison. For the U.S. 

Notes, the main part of the design was 
printed in traditional black, but other 
parts were printed in a green ink that 
could not be removed without destroy¬ 
ing the note. This same green was used 
on the backs of the notes, probably to 
minimize visibility of the back image 
through the translucent, slightly green 
paper, which would obscure the face 
image and lower the overall quality 7 of 
the note. This verdant ink gave rise to 
the moniker “greenback." 

Even the paper itself was improved. | 
Partly on the advice of the newly estab- I 
fished National Academy of Sciences, a p 
distinctive paper with tinted, nonpho- w 

tographable fibers embedded within g 

two layers was adopted for the notes. 

These fibers, or "spider legs,” were used | 
mainly for the Fractional Notes. Other 
currency' paper contained one or more ^ 
long blue fibers in bands or shorter, col¬ 
ored fibers, added directly to the pulpy ^ 



£3 colonial note dated 
March 25, 1776, was 
printed in three colors 
and warned, ll, TiS death 
TO COUNTERFEIT." The 
skeletonized sassafras 
leaf on the back of the 
New jersey bill was in¬ 
tricate and unique, 
thereby helping to de- 
-v te r cou nterfe iting. 


$30 bill released by the Bank of 
the United States in Phila¬ 
delphia on December 3, 

1791, was often coun- 
terfeited. This note, JM 
in fact, is a high- , xR 
quality fake, T 


High-density scrollwork known as the 
“'Perkins format" was required for a 
time on notes from private banks in 
Massachusetts. This Gloucester Bank 
$5 bill is dated July 1, 1814. 


Three Pou>ps, $ 

OiMtb to (■'irrnttrfift* 1 


********** 4 ********** 







slurry ("furnish") during paper manu¬ 
facture. These features, coupled with 
the distinctive, greenish color, the spe¬ 
cial furnish and tight control of the sup¬ 
ply, separated the paper from ordinary 
stock. It was—and still is—illegal to pos¬ 
sess the distinctive paper used for U.S. 
currency without special authorization. 

For the much counterfeited Fraction¬ 
al Notes, a special ink was developed as 
a further deterrent. Before intaglio print¬ 
ing, relatively large areas on both sides 
of the paper were printed with a bronze 
metallic ink. On the face, the inked area 
corresponded to the oval within which 
the central portrait was printed; on the 
back, the bronze shape repeated the 
value of the note. The ink's metallic 
character was not easily photographed 
or reproduced. 

The original colored Treasury Depart¬ 
ment seal, with its 34 points {represent¬ 
ing the 34 states, including the 11 that 
had seceded the year before), was con¬ 
sidered difficult for a counterfeiter to 
copy. It was added typographically in a 
separate step. In another separate ty¬ 
pographic step, serial numbers were as¬ 
signed and overprinted on each note. 
Although the seal has varied in size and 
character over the years, the basic de¬ 
sign survives today. The quality of its 
design and the sharpness of its points 
continue to challenge counterfeiters. 
The color of the seal and serial num¬ 
bers, which has varied among red, blue, 
brown, gold and the now traditional 
green, was a further obstacle. 

These features, combined with vigor¬ 


ous enforcement of the counterfeiting 
statutes by the Secret Service (formed 
in 1865), worked well. By 1872 a detec¬ 
tion and law-enforcement network had 
been established, and approximately 
2,000 counterfeiters had been arrested. 

Even with these successes, consider¬ 
able confusion persisted because of the 
variety of currency types and designs. 
In the decades following the Civil War, 
15 separate categories of currency in 
multiple denominations, each with dif¬ 
ferent face and back designs, were is¬ 
sued. These bills included Demand 
Notes, U.S. Notes, National Bank Notes, 
Currency Certificates of Deposit, Silver 
Certificates, Gold Certificates, Treasury 
Notes, Refunding Certificates and Fed¬ 
eral Reserve Notes. 

Formal recommendations to stan¬ 
dardize currency designs were made as 
early as 1909, World War t and changing 
presidential administrations kept the 
idea from becoming a reality until the 
summer of 1929, when the Series 1928 
notes were finally issued. The portraits 
and backs selected for this series have 
remained in use to this day with little 
change. 

Standardization of the portraits and 
backs within a denomination was itself 
a deterrent feature, because the simple 
familiarity of a single portrait and back 
vignette for each denomination helped 
people recognize phony bills. The pa¬ 
per for the new notes contained milli¬ 
meter-scale red and blue fibers, whose 
random distribution came about quite 
by accident. The intended localized 


strips of fiber were chopped and scat¬ 
tered during the papermaking process, 
and the resulting paper was judged to 
be even more difficult to counterfeit 
than it would have been with the origi¬ 
nally intended longer bands of fibers. 
The tiny colored lengths remain a hall¬ 
mark of U.S. currency. Like today's bills, 
all the imagery, front and back, was in¬ 
taglio printed, whereas the seals, serial 
numbers and bank numbers were over¬ 
printed typographically. 

After their introduction in 1929, the 
few changes made to these bills over the 
ensuing 61 years were cosmetic or so¬ 
ciopolitical, such as the addition of “in 
god we trust,' " mandated by a 1955 
law. The stability of the design has re¬ 
flected a more or Less unchanging coun¬ 
terfeiting threat. Counterfeiters enjoyed 
only modest, occasional technical im¬ 
provements in photography and lithog¬ 
raphy in this period. All that changed 
dramatically in the 1980s, however. 

Casual Counterfeiting 

W ith the proliferation of high-quali¬ 
ty color reprographic systems, 
such as photocopiers, the once techni¬ 
cally demanding and esoteric pursuit 
of counterfeiting has been opened up 
to those with hardly any skills. Ferhaps 
most disturbingly, these new tools elim¬ 
inate the need for specialized—and 
traceable—equipment and supplies, 
making the counterfeiters 
much harder to catch. 

Besides photocopiers, 


Engraved vignette on this $2 note re 
leased by the Franklin Bank of Rhode Is 
land on May 1, 1821, re¬ 
minded bearers that "time 
is MONEY.” 


Intricately printed defiant eagle and high vol¬ 
ume of scrollwork made this $10 bill harder to 
duplicate. Dated July I, 1834, it was distributed 
by the Bank of the United 






Stopping Counterfeiting at the Source 

A n expert system can help deter casual counterfeiting by letting advanced 
, copiers and computer scanners recognize when a user is attempting to copy 
currency. Canon has patented one promising approach to such a system. Accord¬ 
ing to the company's European patent, an expert system and banknote images are 
stored in read-only memory. During copying, the successive red, blue, green and 
brightness scans of the copier provide data regarding the location and orientation 
of features to the program, which statistically analyzes the data and determines if 
the features match any of the stored images. If a match is found, the copier can be 
set to print a blank sheet and require resetting by a service technician. Such a so¬ 
lution to counterfeiting would not foil a technologically knowledgeable counter¬ 
feiter, but it would certainly discourage casual money printers. 

Another approach to making this kind of counterfeit traceable Involves encoding 
information within the copy that can be correlated with a unique copy-machine se¬ 
rial number. Special equipment reads the code to determine which copier made the 
counterfeit. The approach could be extended to computer printers, although it may 
require increased computational power to perform the preprinting processing. 


which are actually integrated scanning 
and printing devices, these computer- 
based systems include stand-alone scan¬ 
ners that capture an image for storage 
and manipulation, along with the graph¬ 
ic arts software and color printers typi- 
callyused with them. These reprograph¬ 
ic devices spread from professional 
graphic arts environments in the 1980s 
to much larger business and academic 
communities, making it possible for al¬ 
most anyone to try counterfeiting. 

Fortunately, few people have so far 
availed themselves of this opportunity. 
In fiscal year 1994 counterfeit notes 
produced on color copiers and passed 
in the U.S. totaled $990,138, or about 4 

$20 bill issued on 
January 1,1840, by 
the Mineral Point 
Bank in Wisconsin 
had intricate scroll¬ 
work. 


percent of all counterfeit money circu¬ 
lated in that one-year period. Halfway 
through fiscal year 1995, $448,168 in 
color-copier-produced notes had been 
passed. But only $750,000 was seized 
before being passed in the U.S—less 
than half of what had been seized the 
year before. 

Fiscal year 1995 is the first in which 
the Secret Service is keeping close track 
of bogus banknotes produced with ink¬ 
jet printers. With their low costs and 
rapidly improving capabilities, these 
printers are considered a significant and 
growing threat. Domestically, $13,312 
had been passed halfway through tills 
year, whereas overseas the amount was 


in excess of $4 million. Some $54,400 
of these notes was seized before enter¬ 
ing circulation in the U.S. 

Although the numbers now are mod¬ 
est, the circumstances suggest that this 
is no time for complacence. The low 
volume so far of counterfeits produced 
with color reprographics can be attrib¬ 
uted, at least in part, to slower than es¬ 
timated introduction of the machines 
into the marketplace. The initial high 
cost of the equipment—$40,000 for a 
color copier 10 years ago—inhibited 
sales, but much more capable color cop¬ 
iers are now becoming available for as 
little as $4,000. Also, only recently have 
affordable color-capable personal com¬ 
puters and printers become common. 

Foreseeing these problems, the Bu¬ 
reau of Engraving and Printing commis¬ 
sioned the National Academy of Scienc¬ 
es in 1985 and 1987 to assess the po¬ 
tential problem and to recommend 
countermeasures. Two of the academy’s 
recommendations were put into effect, 
as can be seen in any $100, $50, $20 or 
$10 note starting with the 1990 series 
or In any $5 bill starting with 1993. One 
is a polymer security thread contained 
within the paper, on the front left side 
of the bill. The thread, which lists the 
denomination and the letters “usa,” is 
visible only when the bill is in front of 
a bright light. It does not show up in 
reflected light, which is used by copiers 
and scanners. The thread makes it more 
difficult to counterfeit a bill by color¬ 
copying or by “raising”—using a lower- 
value note to generate a higher one, ei¬ 
ther by bleaching and printing a higher 
denomination or by pasting on comers 
from genuine notes of higher value. 


large H 3' r signified the denomination of this 1850 
bill from the Cochituate Bank in Boston 
and made the note easy to 
recognize. 


Vignettes and fine scrollwork made this 1 860 
$5 note more resistant to counterfeiting. It was 
circulated by the Central Bank of Vrr- 








$7 bill issued by the Monticello Bank 
in Virginia on April 29, 1 861 T featured 
machine-engraved scrollwork. It circu¬ 
lated contemporaneously with 
Confederate notes. 


Virginia's state seal and the 
surrounding inscribed nu¬ 
meral fives would have chal¬ 
lenged anyone trying to 
copy this $5 bill circulated 
by the Traders Bank of Rich' 
mond in 1861. 


$2 "fare ticket” was circulated by the South 
Carolina Rail Road Company in I 873. Often 
used as currency, such tickets circumvented a 
10 percent tax on all paper currency not 
i printed by the Bureau of Engraving 
1 and Printing, 


L 


The other anticounterfelting feature 
is the microprintmg, six to seven thou¬ 
sandths of an inch high, of ‘The unit¬ 
ed states of America,” repeated in a 
line around the outside of the portrait. 
Most copiers and scanners cannot re¬ 
solve detail this small, and the resulting 
smear is obvious under magnification. 

Nevertheless, like other forms of tech¬ 
nology, these color reproduction sys¬ 
tems—also known as nonimpact tech¬ 
nologies to distinguish them from 
methods requiring plates or dies—are 
constantly being improved. Already 
good as counterfeiting tools, they will 
only become better. Their potential is 
such that the academy in a 1993 report 
deemed some relatively radical chang¬ 
es as necessary. 

The time needed for analyzing and 
assessing new Features and for design¬ 
ing, testing and scaling up production is 
approximately five years. Series of U.S. 
paper currency are never formally inval¬ 
idated, or “demorutized,” They can only 
be removed from circulation as they re¬ 
turn to Federal Reserve banks; thus, it 
could take two years or more for the 
new notes to predominate in circulation 
in the U.S. So government currency ex¬ 
perts must forecast what counterfeiters 
will be using five to 10 years from now 
and take steps early to thwart them. 

Anticounterfei ting elements must 
meet many requirements. They must 
be immediately recognizable* difficult 
to duplicate or simulate, durable in the 
face of considerable wear and tear, and 
made of materials that are nontoxic and 
nonhazardous in manufacture, process¬ 
ing and even destruction. They also 


need to be economical: all U.S. notes are 
now produced for less than four cents 
apiece. Ideally, the features should also 
be machine detectable and aesthetical¬ 
ly acceptable to the public, the first line 
of defense against counterfeiting. 
Combining deterrent features into a 
new paper currency requires a delicate 
balance; changes must be substantive 
enough to address the problem but not 
so radical they eradicate the public's 
familiarity with the currency. People all 
over the world need time to recognize 
a new bill; during such a transition, the 
currency could he more vulnerable. 

The new series of U.S. bills, starling 
with the $100 in 1996, will be funda¬ 
mentally different. To minimize the im¬ 
pact of the discontinuity, however, their 
overall appearance will remain consis¬ 
tent with today's U.S, currency. There¬ 
fore, in the new design the bills will not 
change size and will retain the same 
portrait subjects* vignettes and basic 
colors as in the current notes. 

As of this writing, the Bureau of En¬ 
graving and Printing has not completed 
preproduction testing of the candidate 
features that were announced in July 
1994. Because some of them may be al¬ 
tered or eliminated based on the test 
results* the Anal note design has not yet 
been approved; however, some Likely 
elements of the design are listed below. 

Defensive Depth 

T he most immediately conspicuous 
features of the upcoming series of 
notes are likely to be their watermarks 
and enlarged, off-center portraits. On 


each note they will be adjacent and will 
depict the same image. Although water¬ 
marks are common in European, Asian 
and South .American currencies, this 
would be their first large-scale appear¬ 
ance in U.S, currency and the first use 
of a portrait watermark that is located 
in the same position on each note of a 
certain denomination. The inclusion of 
the watermark, in fact, was a major fac¬ 
tor in redesigning the layout of the note; 
the shifting of the portrait from the cen¬ 
ter will make room for the watermark, 
enhance the portrait's visual impacL 
and reduce wear on the image caused 
by folding of the bill. 

Watermarks, which are designs creat¬ 
ed by variations in the density or thick¬ 
ness of the paper that become visible 
in transmitted light* are an example of 
a substrate-based feature—one of three 
basic types used to combat counterfeit¬ 
ing. Optimum deterrence results from 
a combination of multiple types in a 
“layered defense." The three kinds can 
be grouped together according to their 
place on the note: engraved designs 
that are difficult to reproduce convinc¬ 
ingly, those that are placed in the paper 
while it is being made (substrate-based 
features) and unique printing inks. Be¬ 
sides watermarks, substrate-based fea¬ 
tures include the paper material itself, 
tints and paper-fumish inclusions and 
additives. 

Another intriguing substrate-based 
feature would use iridescent, micro- 
printed planchettes. Traditionally* plan- 
chettes have been tissue-paper disks a 
few millimeters in diameter, distribut¬ 
ed either randomly in the pa- 








ments in a regu¬ 
lar ink varnish. The 
angular dependence 
arises from light beams in¬ 
terfering with one another 
as they reflect among alternating 
layers of a light-absorbing material, 
such as chromium, and a nonmetal, 
such as manganese fluoride. These lay¬ 
ers are applied on top of a reflecting 
material, such as aluminum. These 
inks are much more expensive than the 
normal intaglio ink, so the size of the 
image printed with them would be lim¬ 
ited to no more than about two square 
centimeters—big enough to exhibit a 
noticeable shift but small enough to 
keep costs reasonable. 


Vintage Protection 


T he basic tool kit available to those 
who deter counterfeiting has 
changed surprisingly little in over a 
century. Conceived in an era of printing 
presses, photography and lithographic 
plates, it is now being expanded in an 
era of sophisticated color copiers and 
scanners. The stakes are high. In to¬ 
day's world of strong economic inter¬ 
dependence, even a relatively brief pe¬ 
riod of rampant counterfeiting could 
have devastating consequences. 

Given the pace of graphics and print¬ 
ing technology advances in recent years, 
it is unlikely that the new notes will suf¬ 
fice for six decades, as did the previous 
ones (albeit with a few well-chosen mod¬ 
ifications J. To supplement the deterrent 
value of the new notes, law enforce¬ 
ment— espcciafly international coopera¬ 
tion-will have to expand as the use of 
the hard-to-trace printing technology 7 
spreads worldwide. Manufacturers of 
advanced reprographic equipment can 
help by making their equipment less 
suitable for counterfeiting. 

The new notes will surely do much to 
discourage counterfeiters, both casual 
and professional, for years to come. 
Over the longer term, however, they 
might be considered only the latest 
salvos in a never-ending war. 


ANTICOIINTERFEITING FEATURES of 
current ILS. bills (other than the $1) in¬ 
clude a security strip, or thread, within the 
paper. Visible only in transmitted light, it cannot 
be photocopied or scanned. Micropriming around 
the outside of the portrait, in letters six to seven thou¬ 
sandths of an inch high, is too small to be copied by most 
systems. Reproduction in this manner creates a smear obvi¬ 
ous under low-power magnification. 


iTe;o sta 


per or in localized bands- They 
can be seen in Canadian, Mexican 
and many other paper currencies but 
have never been used in U.S. curren¬ 
cy, In the new design the planchcttes 
w r ould be made from a coated polymer 
film that appears in different colors as 
the angle of clewing is changed, giving 
a rainbow effect. As an enhancement, 
the planchettes could be micro printed 
with text. 

T he new bills will also have a securi¬ 
ty thread similar to the ones now in cir¬ 
culation, but possibly upgraded for de¬ 
tection by instruments. The threads 
may also be located in different parts 
of the note, depending on the denomi¬ 
nation. The small colored fibers might 
also be supplemented or enhanced for 
detection by machines, to provide reli¬ 
able authentication of the bills and 
their denominations. The features could 
be helpful in commercial situations in 
which cash is counted or exchanged—in 


vending and doilar-bill-changing ma¬ 
chines, for example. 

Another possibility under considera¬ 
tion involves lines capable of generat¬ 
ing moire patterns. Advanced copiers 
and computer scanners create images 
based on digital sampling techniques, 
and when the spatial detail of the im¬ 
age being sampled is greater than the 
sampling frequency of the digital de¬ 
vice, spurious and striking patterns re¬ 
sult in the reconstructed image. These 
are known as moire patterns. Images 
Lhal would generate them when copied 
are being investigated for incorpora¬ 
tion into the notes' designs. 

One of the most intriguing possibili¬ 
ties is the use of special ink that chang¬ 
es coIot as the printing is tilted relative 
to the light. (In concept, it harkens hack 
to the bronze underprinted shapes that 
adorned Fractional Notes.) The color 
shift is caused by small platelets of thin- 
film interference filters, used as pig¬ 
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Treating Diabetes 
with Transplanted Cells 

The implants, islet cells of the pancreas, can potentially cure 
many cases of diabetes. A prime obstacle to wide use—lack of a safe way 
to avoid immune attacks on the grafts—now seems to he crumbling 

by Paul E. Lacy 


U ntil about 75 years ago, the form 
of diabetes that usually strikes 
children and young adults was 
invariably lethal. Families and physicians 
watched helplessly as robust youngsters 
wasted away and died within weeks or 
months of diagnosis. By the early 1900s 
investigators knew the problem lay with 
small clusters of pancreatic cells called 
the islets of Langerhans, It was evident 
these islets normally secreted a critical 
hormone, later named insulin, that en¬ 
abled other cells to take up the sugar 
glucose from the blood for energy. It 
was also apparent that in the diabetic 
patients (today said to have type I, or 
insulin-dependent, diabetes meliitus) in¬ 
sulin production had ceased. Conse¬ 
quently, glucose from food accumulated 
in the blood while other tissues starved. 
People with the more prevalent, later- 



INTESTINE 


onset form of diabetes—type 0, or non- 
insulin-dependent—fared better because 
they continued to make at least some 
insulin. 

Prospects for type I diabetics im¬ 
proved dramatically in the early 1920s, 
when insulin extracted from animals 
proved lifesaving. Indeed, for decades 
thereafter most people assumed daily 
injections of the hormone were tanta¬ 
mount to a cure. Sadly, they were mis¬ 
taken. Over the years clinicians gradu¬ 
ally came to realize that many patients 
eventually suffer from potentially dev¬ 
astating diabetes-related disorders. Mi¬ 
croscopic blood vessels can slowly be¬ 
come damaged, often culminating in 
blindness or kidney failure, or both. 


Larger vessels may become premature¬ 
ly narrowed by atherosclerosis, and 
nerves may be disrupted as well, lead¬ 
ing to numbness and pain in the ex¬ 
tremities. The cause of these “long-term 
complications" has now been shown to 
be excess glucose in the blood and the 
consequent alteration of tissues exposed 
to the extra sugar. Gearly, the insulin in¬ 
jections on which type I diabetics de¬ 
pend for survival cannot precisely mim¬ 
ic the ability of the normal pancreas to 
sense blood glucose levels and put out 
exactly the amount of insulin needed 
to keep the body healthy. 

The key to ensuring long-term health, 
then, is to provide therapy that can 


DUCT 
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T Surgeons remove the pancreas 


from a human cadaver. 
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maintain glucose values within normal 
limits at all times from the start of the 
disease. An ideal treatment would be 
implantation of islets, because function¬ 
al islets would restore proper insulin 
production and, in theory, would have 
to be implanted only once; native islets 
survive for many years and carry with¬ 
in them the precursor cells needed to 
supply replacements for cells that die. 
Successful grafts would also avoid acute 


diabetes-related ills. These conditions 
include coma induced when glucose ac¬ 
cumulates to extremely high levels in 
the blood, as well as insulin reactions 
(often marked by shakiness, confusion 
or blackouts), which arise when an in¬ 
jected dose of insulin lowers glucose 
levels too far. islet transplantation is 
conceptually simple hut has been diffi¬ 
cult to implement. Finally, however, 
there is good reason to think this po- 
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tentiaily curative therapy will be avail¬ 
able to many patients within the next 
five years and will become routine for 
newly diagnosed patients within a few 
years thereafter. 

My laboratory at Washington Univer¬ 
sity carried out most of the initial work, 
beginning some 25 years ago, and it 
continues intensive research on trans¬ 
plants today. At first we were not focus¬ 
ing on therapy; we were merely trying 
to understand the mechanics of hor¬ 
mone secretion from the insulin pro¬ 
ducers of the islets—the beta cells. The 


ISLET TRANSPLANTATION procedure shown 
below is performed in some type I (insulin- 
dependent) diabetics who have had a kidney 
transplant and thus are already taking power¬ 
ful immune-suppressing drugs capable of pre¬ 
venting rejection. The islets are intended to 
produce the insulin those patients lack. Safer 
ways to avoid immune destruction of the islets 
must be developed before diabetics can receive 
islet transplants routinely. 


BILE DUCT 


2 Islets of Langerhans, 
containing the insulin- 
producing cells, are 
separated from the much 
more numerous enzyme- 
producing cells. 


PORTAL VEIN 
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SLET 


3 Islets from two or more cadavers 
are injected into the portal vein of 
the recipients liver and lodge in its 
branches. There they secrete the 
insulin needed to maintain health. 
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other islet cells produce hormones that 
help to regulate the amount of insulin 
synthesized. 

Early Excitement 

T o carry out such studies, we had to 
obtain islets from laboratory ani¬ 
mals* Yet those cell clusters constitute 
only 2 percent of the pancreas by 
weight and are scattered within it* The 
rest of the pancreas is devoted not to 
making hormones hut to manufactur¬ 
ing potent digestive enzymes. In 1967 
we developed a way to collect the need¬ 


ed islets from the rat pancreas. Of 
course, after we had the islets in hand, 
we could not resist seeing whether the 
clusters could control blood sugar lev¬ 
els in diabetic animals and prevent 
complications* After all, success would 
mean that islet transplantation might 
be helpful to diabetic patients. 

In 1972, collaborating with Walter F* 
Ballinger and David W. Scharp of Wash¬ 
ington University’s department of sur¬ 
gery, we transplanted islets isolated 
from rats of an inbred strain to other 
rats of the same strain made diabetic 
by injection with a drug that specifical- 


HOW ISLETS ARE ISOLATED FROM THE HUMAN PANCREAS 



1 Hank’s solution, containing 
the enzyme collagenase, is fed 
into the ductal system of the 
donor pancreas. 


DUCT 


HANKS 

SOLUTION 



HANK'S 

SOLUTION 


INFLATED PANCREAS 


2 Fluid in the ductal system 
inflates the pancreas, loosening 
attachment of cells to the organ. 




ACINAR CELL 


4 Pounding by the marbles and chemical 
activity by the cotlagenase serve to release 
islets and acinar cells (makers of digestive 
enzymes) from the collagen matrix holding 
the pancreas together. Islets and acinar cells 
escape through a screen into tubing. 


ISOLATION 
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PANCREAS 




THERMOMETER 



COOLING CIRCUIT 


ly destroys beta cells* Wc chose this par¬ 
ticular strain because inbred animals 
are identical; therefore, the immune de¬ 
fenses of the recipients would not re¬ 
ject the grafts as foreign (nonself)* To 
our delight, the transplants in the rats 
returned blood sugar levels to normal 
and kept them there permanently* Lat¬ 
er studies revealed islet grafts could 
prevent or reverse early microvascular 
complications of the eyes and kidneys 
in diabetic rats* 

These findings made us eager to be¬ 
gin tests in diabetic patients. Before we 
could design such trials, though, a seri¬ 
ous difficulty had to be resolved. Our 
method for isolating islets from the rat 
pancreas did not work for the human 
organ. .After trying various approaches 
over a three-year interval (including one 
partly successful method incorporating 
a meat grinder to chop pancreatic tis¬ 
sue), in the mid-1980s Scharp, Camillo 
Ricordi and l finally produced a semi- 
automated method that is in wide use 




HEATING CIRCUIT 


6 Hank’s solution is re¬ 
heated and recirculated 
through the chamber as 
needed. 
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7 Liberated islets 
and acinar cells are 
collected on ice. 


V 


r 



COLLECTING FLASK 


3 Pancreas is placed in a chamber containing glass 

marbles and Hank’s solution, heated to its most active 5 Material in the tubing is cooled so that digestive enzymes 

temperature. Then the chamber is agitated. released from acinar cells will not destroy the islets. 
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today. Conveniently, the method man¬ 
aged to isolate some 400,000 islets 
from the approximately one million in 
a single human pancreas—exactly the 
amount we estimated would maintain 
normal blood sugar levels in patients. 

Encouraging Tests in Humans 

I n 1086 we began the first human tri¬ 
als of isolated islets. We could not 
immediately put the cell clusters into 
newly diagnosed patients—the ultimate 
goal—because of the likelihood that the 
immune system of the recipients would 
reject the foreign tissue. To avoid such 
rejection, we would have had to give die 
subjects immune-suppressing drugs, 
but those agents can have dangerous 
side effects, including promoting infec¬ 
tion, cancer and kidney damage. The 
risk posed by such drugs is too high to 
justify their use in patients who are 
healthy except for the need to take in¬ 
sulin. Hence, we selected as subjects 
type I diabetics who had received a kid¬ 
ney transplant and therefore were al¬ 
ready forced to take immunosuppres¬ 
sants to protect the new kidney. 

Scharp and I decided to place the is^ 
lets into the network of blood vessels 
extending from the portal vein of the 
liver, in pari because the system is eas¬ 
ily accessible. The islets could be deliv¬ 
ered simply by making a small incision 
near the navel and feeding the islets 
through a tube into a vein that leads 
into the portal vein. Once lodged in 



8 Islet cells are isolated by spinning the col¬ 
lected material in a centrifuge. Some 400,000 
islets can be retrieved from a single human 
pancreas, roughly half the number needed to 
keep blood glucose at a normal level. 



ISLET IN PANCREAS of a rat resembles those of 
humans. In both species the beta cells ( gold)— 
the insulin producers—predominate and duster 
in the center. They are surrounded by cells (not 
visible) that secrete different hormones. The 
red area consists of other pancreatic tissue. 


smaller vessels branching from 
the portal vein, the islets would 
have direct contact with blood, 
which would enable them to 
sense blood sugar levels con¬ 
stantly and, at the same time, 
to receive continuous nourish¬ 
ment. If such conditions are 
met, there is no need to return 
islets to the pancreas—a much 
trickier endeavor. 

The results were encourag¬ 
ing. In subjects who were given 
400,000 islets, the grafts 
worked, although they did not 
make enough insulin to enable 
the patients to stop taking in¬ 
jections. When we later in¬ 
creased the number to 800,000, 
some patients were freed from 
injections, at least for a Lime. 

Our findings were subsequent¬ 
ly confirmed in other laborato¬ 
ries. We also Learned that islets 
preserved by freezing would function 
well and hence could be banked for fu¬ 
ture use. 

Since 1990, approximately 145 pa¬ 
tients worldwide have received islet 
transplants from cadavers—either as 
isolated dusters or in some instances 
as part of less pure preparations. The 
islets in most patients have been un¬ 
able to control blood sugar levels com¬ 
pletely or have lost some of their activ¬ 
ity after three years or less. We suspect 
that in many cases too few islets w ? ere 
implanted for the individual's needs. In 
instances wtiere implants failed after 
controlling blood sugar for a time, 
strain on the islets may sometimes 
have been at fault: after performing at 
maximum capacity for a while, the ceils 
may have become exhausted. Rejection 
and other immune processes might 
have played a part in many immediate 
or ddayed failures as well. 

In spite of these imperfect results, 
many physicians are now considering 
routinely giving type I diabetics new 
islets at the time they receive a kidney 
graft. They are exploring this option be¬ 
cause even when patients must still take 
some insulin by injection, the presence 
of productive islets can help them keep 
blood sugar levels consistently in the 
all-important normal range. Further, islet 
transplantation is much simpler than 
replacement of a whole or partial pan¬ 
creas, a procedure sometimes done in 
diabetics who receive a new kidney. 
(The aim is to preserve the donated 
kidney by avoiding exposure to excess 
glucose.) Islet transplantation is also 
less costly than organ transplantation. 
Delivery into the portal vein can be per¬ 
formed with the help of local anesthe¬ 
sia for a few thousand dollars; a pan¬ 


creas transplant, in contrast, involves 
major surgery and can cost as much as 
$ 100 , 000 . 

T aking Aim at Passenger Cells 

O nce smdies of immunosuppressed 
patients demonstrated that trans¬ 
planted islets could be induced to per¬ 
form in recipients, many investigators 
stepped up efforts to develop safe w ? ays 
of preventing rejection. Tw r o basic strat¬ 
egies have been pursued in animals for 
some time. One such tactic is based on 
a suggestion made back in 1957 by 
George D. Snell of Roscoe B, Jackson 
Memorial Laboratory in Bar Harbor, Me. 
He proposed, correctly as it turns out, 
that rejection of an organ is triggered 
not by the primary constituents of an 
organ but by white blood cells, or leu¬ 
kocytes, that are carried along with the 
graft. If these “passenger 11 leukocytes 
are at fault, eliminating them before a 
transplant is undertaken should avoid 
rejection. 

Snell's insightful concept lay fallow 
until 1975, when Kevin J. Lafferty, then 
at the John Curtin School of Medical 
Research in Australia, resurrected it. In 
experiments involving the transplanta¬ 
tion of thyroids from one strain of mice 
into another, Laffer ty found he could 
prevent rejection by culturing the do¬ 
nor thyroids in the presence of high 
amounts of oxygen before implanting 
them. He concluded that the grafts sur¬ 
vived because the oxygen had destroyed 
the passenger leukocytes—and only 
those cells—in the grafts, 

Lafferty also proposed a reasonable 
explanation for why passenger leuko¬ 
cytes elicit rejection and why the main 
constituents of transplanted tissue do 
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not. It is believed that host white blood 
cells known as killer T lymphocytes are 
the agents of transplant rejection, Laf- 
ferty suggested that these cells must 
receive two signals in order to leave their 
resting state and attack other cells. The 
initial signal is issued when the T lym¬ 
phocytes recognize certain proteins on 
the surface of implanted cells. These 
proteins are known as class I major 
histocompatibility antigens or, as they 
arc commonly called, tissue-typing pro¬ 
teins, The second signal is probably is¬ 
sued when foreign ceils release certain 
small proteins, or cytokines, that act 
on the T lymphocytes. 

Presumably, passenger leukocytes 
carry the appropriate antigens and also 
secrete the necessary' cytokines. In con¬ 
trast, other cells in a graft, such as the 
hormone-producing cells of pancreatic 
islets, generate the first signal (they dis¬ 
play the surface antigen) hut cannot 
produce the second one (they do not 
release cytokines). Once passenger cells 
activate killer T lymphocytes, the lym¬ 
phocytes attack any grafted cell bear¬ 
ing the recognized antigen, even if that 
cell cannot itself generate the second 
signal. But if T lymphocytes receive only 
the first signal, they apparently become 
tolerant of cells bearing the recognized 
antigen. 

HOLLOW-FIBER TECHNIQUE 


To our disappointment, Lafferty’s 
method for destroying passenger leu¬ 
kocytes did not work for islets; the high 
levels of oxygen destroyed the hor¬ 
mone-producing cells. But, after much 
trial and error, in 1979 my colleague 
Joseph M. Davie and 1 devised a cultur¬ 
ing technique that harmed only the pas¬ 
senger cells. When w^e placed approxi¬ 
mately 1,500 treated islets from one rat 
strain into the portal vein of another 
strain and gave the recipients a single 
injection of a compound that tempor¬ 
arily inactivated their immune system, 
rejection was prevented completely. 
What is more, the same basic procedure 
prevented rejection of islets transplant¬ 
ed across species—from rat to mouse. 
Many other approaches for altering or 
destroying passenger leukocytes m is¬ 
lets were then developed in our labora¬ 
tory and others. 

Unfortunately, a central aspect of the 
procedures effective in rodents cannot 
be copied in humans. Investigators es¬ 
sentially handpick the islets they deliv¬ 
er to rodents, making sure that lymph 
nodes and other troublesome contami¬ 
nants are excluded. Such a step is feasi¬ 
ble when 1,500 islets are being trans¬ 
planted but cannot be managed when 
hundreds of thousands are needed. 
Studies we completed in 1993 suggest 
a solution, however. 

Our experiments were inspired by re¬ 
search reported in 1990 by Ali Naji and 



his co-workers at the University of Penn¬ 
sylvania. Najfs team demonstrated that 
transplantation of rat islets from one 
strain into the thymus of another strain 
induced tolerance to those islets and to 
identical islets later put elsewhere in 
the body. Intrigued, my colleagues and 
] decided to see whether implanting a 
small number of cultured rat islets in 
other tissues of mice wnuid block re¬ 
jection of a subsequent transplant con¬ 
sisting of many untreated islets. (We 
accompanied the transplants with sin¬ 
gle injections of antibodies against rat 
and mouse white blood cells, hoping to 
destroy any remaining passenger leu¬ 
kocytes and to suppress temporarily 
immune surveillance in the recipient.) 
Sure enough, after cultured rat islets 
were placed in the portal vein of the liv¬ 
er in mice and supported by antibody 
injections, untreated islets delivered to 
the same site were accepted by the re¬ 
cipients. This finding, w r hich we hope 
to replicate next in dogs, encourages 
optimism that human patients can be 
“preimmunized" with relatively few, 
carefully selected islets and then given 
the balance of the cells after tolerance 
has been induced. 

Hiding Islets from Immune Cells 

T he various approaches for eliminat¬ 
ing the immune-stimulating effects 
of passenger cells are certainly exciting 
and may indeed be incorporated into 
islet transplant procedures one day. Yet 
in recent years many researchers, in¬ 
cluding me, have shifted their main fo¬ 
cus to the second anti rejection strategy 
alluded to earlier. The main reason has 
to do with a growing consensus that 
type 1 diabetes is caused by an autoim¬ 
mune process that differs from rejec¬ 
tion. In this autoimmune reaction, w’hich 
may involve antibodies as well as T 
lymphocytes, the immune system of the 
patient perceives as foreign some anti- 



ENCAPSULATIQN OF ISLETS in semiporous plastic is one 
promising way to protect them from attack by the immune 
system. Three approaches under investigation are depicted. 
In ali cases, the plastic allows glucose from the blood to 


reach the cell clusters and enables insulin that is secreted in 
response to escape into the bloodstream, but the material 
bars white blood cells and antibodies of the immune system 
(not shown) from reaching the islets. 
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gen on the individual's own beta cells 
and specifically destroys the beta cells 
as if they were unwanted invaders [ see 
11 What Causes Diabetes? 1 ' by Mark A. 
Atkinson and Nod K. Madaren; Scien- 
nnc American* July 1990]. Hence, even 
if we manage to forestall rejection, an 
autoimmune attack targeted specifical¬ 
ly to beta cells could wipe out the in¬ 
sulin makers in the transplanted islets. 

Autoimmune destruction might be 
prevented by purposely implanting islets 
whose tissue-typing antigens do not 
match those of the recipient's islets. 
But many investigators are taking a less 
chancy approach to circumventing both 
autoimmunity and rejection: they are 
exploring ways to encapsulate donor 
islets in a semi permeable plastic mem¬ 
brane. When the pore size is ideal* such 
membranes permit glucose to reach the 
encased islets and allow insulin made 
by the islets to escape, but the mem¬ 
branes bar lymphocytes and antibody 
molecules—which are much larger than 
glucose and insulin—from crossing to 
the islets. 

In 1975 William L. Chick, then at the 
Joslin Diabetes Center in Boston* devel- 
oped one of the earliest encapsulation 
techniques. He put the islets in a diam¬ 
ber surrounding a plastic tube, or shunt* 
and connected the shunt to an artery 
and a vein in rodents. As blood flowed 
through the tube from the artery to the 
vein, glucose passed across the wall of 
the shunt into the chamber* where it 
contacted the islets. Then the islets re¬ 
leased insulin* which seeped out of the 
chamber and into blood flowing through 
the tubing; meanwhile lymphocytes and 
antibodies in the blood floated past the 
chamber* oblivious to the islets within. 
Moreover, the device corrected glucose 
levels in the blood—for a while. The is¬ 
lets died when blood coagulated on the 
w r ail of the plastic tube* clogging the 
pores. The biocompatibility of the de¬ 
vice has since been improved, and ca¬ 
nine islets transplanted into diabetic 
dogs have normalized blood sugar in 
studies that lasted for several months. 

I worry about this approach for hu¬ 
man diabetics, however, because shunts 
can be difficult to maintain. If one were 
damaged in the course of* say* a teenag¬ 
er's football game* it could rupture. It 
would not only lose function* it could 
also cause dangerous internal bleeding. 
Furthermore* blood clots could com¬ 
promise the operation of the implants 
and might migrate to critical arteries 
and block them, 

Franklin Lira of the Medical College 
of Virginia and Anthony M. Sun of the 
Connaught Research Institute in Toron¬ 
to invented a different procedure in 
1980. They prepared isolated islets for 


transplantation by suspending them in 
a viscous solution of alginate, a sub¬ 
stance derived from seaweed. Addition 
of calcium to the solution caused it to 
gel, so that one or two islets became en¬ 
closed within a small alginate droplet. 
These fragile droplets w^ere then coated 
with plastic and placed in the abdomi¬ 
nal cavity. This site was used because 
fluid from the blood passes into the 
cavity and back into the bloodstream; 
it can thus inform the islets of blood 
sugar levels and can also carry' insulin 
from the islets into the circulation. The 
capsules controlled blood sugar in ro¬ 
dents and prevented rejection* but the 
plastic coating stimulated the growth 
of fibrous tissue around the outer sur¬ 
face* depriving the islets of nutrients 
and killing them. 

Plastic-coated droplets that are more 
biocompatible have been made and 
have reportedly reversed diabetes tem¬ 
porarily m a patient. But they still have 
drawbacks for human application. Al¬ 
though each capsule is small* measur¬ 
ing less than 0.5 millimeter in diameter* 
the several hundred thousand needed 
to control human blood sugar levels fill 
a large volume. To be feasible for broad 
use* the capsules would have to be 
smaller and more stable. In addition, 
investigators would have to develop a 
way to retrieve all the capsules readily 
in the event removal became necessary. 

To avoid the drawbacks of the other 
two approaches, my laboratory has en¬ 
capsulated islets in a hollow, semipen 
meable acrylic fiber as thin as the wire 
in a small paper dip. We selected this 
polymer fiber in 1990, after research¬ 
ers at Brown University* who were study¬ 
ing Parkinson's disease* found it to be 
remarkably bio compatible, in initial 
studies we injected rat islets into a hol¬ 
low fiber, sealed the ends and put one 
or two of the loaded vessels into the 
abdominal cavity of diabetic mice. The 
blood sugar levels became normal and 
stayed that way for up to 12 days* but 
then the animals became diabetic again. 
We thought we had hit a dead end; the 
islets had been rejected. 

Yet microscopic analyses of the im¬ 
plants revealed they had failed because 
the islets within had dumped together, 
causing those at the center of the ag¬ 
gregates to starve. Thai problem w f as 
easy to correct—by suspending the islets 
in gelled alginate within the hollow-fiber 
vessel. Implants put into the abdomi¬ 
nal cavity’ or under the skin then main¬ 
tained normal blood sugar levels 
throughout a year of observation (half 
of a mouse lifetime). Equally important* 
the mice tolerated the implants well, 
generating little fibrous tissue around 
the outer surface of the fine plastic 



HUMAN ISLET (sphere) in a hollow fiber 
was kept under the skin of a diabetic 
patient for two weeks before being re¬ 
moved and examined. The islet re¬ 
tained its ability to secrete insulin—an 
indication that such fibers, or similar 
ones that store islets more compactly* 
can protect islets implanted in patients. 


tubes. Last year Scharp and I began pre¬ 
liminary tests of the approach in hu¬ 
mans. We put fibers carrying a small 
number of islets—150 to 200—under 
the skin of subjects with type I and 
type II diabetes and kept the implants 
in place for two weeks. Happily* the is¬ 
lets were protected from both immune 
rejection and autoimmune destruction. 

The Next Steps 

T o date, then, the collected research 
in animals and patients strongly 
suggests that encapsulation of islets in 
a biocompatible membrane should be 
well tolerated. If enough islets are sup¬ 
plied, they should reverse diabetes, per¬ 
haps indefinitely. Technical obstacles 
remain, how r ever. Most of them relate 
to the demand that huge numbers of 
islets be implanted. 

For instance, although hollow-fiber 
membranes store islets with more com¬ 
pactness than can be achieved by en¬ 
capsulating each islet separately, one 
would still have to implant several me¬ 
ters of fiber in order to accommodate 
all the islets required. We are now test¬ 
ing a membrane that is made of similar 
material but is flatter and so enables us 
to pack islets closer together. We esti¬ 
mate that a flat sheet, about the size of 
one and a half dollar bills, could hold 
800*000 islets and be implanted easily 
in the abdominal cavity'. We hope to do 
a safety test in humans in the near fu- 
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DONALD E. SMITH of Pampa, Tex., received new 
islets after undergoing his second kidney transplant 
operation. He has been free of insulin injections for 
more than 16 months and free to eat whatever he 
likes without fear that his blood sugar level will 
fluctuate abnormally. Most patients who have been 
given new islets have not fared as well, but investi¬ 
gators are optimistic that techniques now under 
study will eventually make it possible to maintain 
transplanted islets for a lifetime. 


ture. If a way could be found to pack 
islets even more densely, we might be 
able to stack two small devices under 
the skin, where they could be readily 
retrieved if necessary. 

Before any device can be used on a 
wide scale, physicians will require ac¬ 
cess to a plentiful supply of islets. Hu¬ 
man pancreases, like other organs, are 
in short supply from cadavers. Roughly 
700,000 Americans have type I diabe¬ 
tes, and more than 13,000 new cases are 
diagnosed each year. Moreover, about 


two million type II diabet¬ 
ics are treated with insulin. 
Yet fewer than 5,000 cadav¬ 
ers pro%ide organs of any 
kind for transplantation ev¬ 
ery year, and only approxi¬ 
mately 1,000 pancreases 
are recovered. 

To cope with the short¬ 
age, some investigators are 
exploring implantation of 
islets from aborted fetuses. 
They are drawn to this so¬ 
lution partly by the pros¬ 
pect that precursor cells 
able to give rise to islets 
could be isolated and in¬ 
duced to produce islets in 
quantity. But research into 
the use of fetal tissue is 
preliminary. One day phy¬ 
sicians might also be able 
to implant insuUn-making 
cells alone. The cells could 
be obtained from beta cell 
tumors, which generate new 
cells indefinitely in labora¬ 
tory dishes. Such tumor cell 
lines already exist but have 
lost the ability to modulate 
the amount of insulin they 
secrete in response to glu¬ 
cose, Methods to restore 
that ability , and to ensure 
that the transplanted beta 
cells would not spawn tu¬ 
mors in the body, are being explored. 

For the immediate future, the logical 
alternative to human islets is pig islets. 
Those cells are an attractive option be¬ 
cause they are readily available and the 
insulin they produce is almost identical 
to that of humans. Further, we and oth¬ 
ers, anticipating that porcine islets 
would be useful, have already devel¬ 
oped methods for isolating them from 
vast numbers of pancreases at once. If 
the islets are hidden from the immune 
system by encapsulation, transplanta¬ 


tion across species should not trigger 
the rejection that would normally be 
expected. Human trials of encapsulat¬ 
ed pig islets in patients given no im¬ 
munosuppressants are likely to begin 
within a year or two. 

Transplantation of encapsulated cells 
may be helpful for other diseases as 
well, particularly those in which a spe¬ 
cific hormone or other substance se¬ 
creted by cells is missing. The implant¬ 
ed cells could be healthy versions of 
maJfunctional ones or could be of a dif¬ 
ferent type altogether but genetically 
engineered to make a selected mole¬ 
cule. Hemophiliacs, for instance, should 
benefit from having cells able to pro¬ 
duce the blood-dotting factor they lack, 
and patients with Parkinson's disease 
should benefit from having ceils that 
make the ncurotransmitter dopamine. 
It is already known that injection of 
dopamine improves muscle coordina¬ 
tion temporarily in many patients, and 
studies in animals with experimentally 
induced Parkinson's disease have yield¬ 
ed a similar benefit when hollow r fibers 
containing dopamine-secreting cells are 
placed near the diseased area of the 
brain. 

As research into encapsulation of 
islets progresses, so does investigation 
of a very different insulin-delivery sys¬ 
tem: a fully artificial pancreas. A minia¬ 
turized mechanical system would con¬ 
tinuously monitor blood glucose levels 
and, in response, release exactly the 
amount of insulin needed by the indi¬ 
vidual. The intractable challenge here 
has been devising a sensor that is at 
once small, durable and accurate. Un¬ 
doubtedly this roadblock, like those im¬ 
peding the way to islet transplantation, 
will eventually be overcome. In both 
cases, success will make it possible to 
achieve perfect blood sugar control from 
early in the course of diabetes and thus 
to prevent the complications that dev¬ 
astate too many lives today. 
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Light in the Ocean’s Midwaters 
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Beneath the surface of 
the ocean, sunlight is 
gradually ext login shed, 
but the resulting 
darkness yields to a 
host of bioluminescrent 
creatures 


by Bruce H. Robison 


t. 


FANGTOOTH 
A noptogas ter comuta 
(15 centimeters) 


HATCHETFISH 
Sternoptyx diaphana 
(2.5 to 9.0 centimeters) 



T he most expansive animal habitat on the earth lies be¬ 
tween the sea surface and the floor of the deep ocean 
basins. Within this enormous volume live the largest and 
perhaps most remarkable biological communities anywhere. 
Yet because this region is so foreign to the world of normal hu¬ 
man experience, we still know extraordinarily little about its 


fauna. But the quest to understand the 
nature and behavior of these un¬ 
familiar organisms has been making 
steady progress. Over the past few 
years my colleagues and I at the Mon¬ 
terey Bay Aquarium Research Institute 
in northern California have been able 
to explore the ocean below the sunny 
surface waters and to examine local 
ecology from the novel perspective that 
modern oceanographic technology af¬ 
fords. And, as is often the case when 
one gets to view something from an en¬ 
tirely new vantage point, that undersea 
world looks very different from what 
we had imagined. 

My studies of the biology of the 


ocean’s midwaters—a zone that reach¬ 
es from about 100 meters to a few kilo¬ 
meters below the surface—have bene¬ 
fited enormously from countless hours 
spent on board Deep Rover, a one-per¬ 
son research submarine. Less adventur¬ 
ously but just as effectively, my work 
has also taken advantage of a remotely 
operated vehicle (or ROV) named Ven- 
xana , a maneuverable, computerized 
platform about the size of a small car 
that is fitted with an arsenal of cameras, 
instruments, sensors and samplers. 

These two underwater vehicles boast 
capabilities that far surpass the relative¬ 
ly crude tools that supported previous 
mid water research. During the 1950s, 


for example, the marine biologist Eric 
G. Barham of Stanford University also 
examined the ocean near Monterey Bay, 
but at that time he was limited to using 
sonar and trawl nets towed behind a 
ship to identify and track the move¬ 
ments of midwater fauna, hi the course 
of his pioneering studies he uncovered 
a rather limited set of animals—shrimps, 
lantemflsh, squids and arrow worms— 
and determined the broad patterns of 
their vertical migrations, from depths 
of around 300 meters during the day, 
up to the surface layers at night. 

But with the primitive technology 
then available, Barham's early research 
missed a tremendous amount of detail 
in the ocean simply because he could 
not view it directly. With Deep Rover 
and Ventana my colleagues and \ have 
found that the ocean’s midwaters con¬ 
tain a far greater variety of organisms 
than Barham could possibly have caught 
in his nets: some forms of sea life are 
simply too fragile to be extracted from 


Exploring the Midwaters 
with Camera and Robot 

T he submersible Deep Rover can car¬ 
ry a single occupant to depths in 
the ocean as great as one kilometer for 
up to eight hours at a time. The vehi¬ 
cle's transparent passenger housing- 
constructed from a massive acrylic 
sphere 160 centimeters in diameter 
and 13 centimeters thick—offers the pi¬ 
lot panoramic views of the surrounding 
waters. The pods underneath the sphere 
contain banks of lead-acid storage bat¬ 
teries that power the vehicle's lights, 
electric thrusters and hydraulic manipu¬ 
lator arms, as well as its many other 
pieces of scientific, navigational and 
life-support equipment. 

In contrast to submersible* such as 
Deep Rover, Ventana —a remotely oper¬ 
ated vehicle (ROV)—carries no pilot on 
board. Instead controllers communicate 
with the underwater robot through a 
cable attached to Ventana 's support 
ship. Electric power for lights, thrusters 
and other equipment passes continu¬ 
ously downward through copper con¬ 
ductors within the umbilical tether, and 
data and video images travel upward, 
encoded on optical fibers at the core of 
the cable. Keeping vigil at the monitors 
of a shipboard console, scientists and 
pilots control Ventana 's movements 
and can, if need be, maintain the vehi¬ 
cle's subsurface research tasks around 
the clock. 



DEEP ROVEf 
submersible 
vehicle hovers 
inches above 
the surface- 
just before its 
deployment. 


VENTANA rises from the 
sea, lifted by a crane on 
the support ship (left). 
The front of Ventana^ 
frame supports cameras, 
sensors, samplers and a 
mechanical arm (bottom 
center ). Pilot and scien¬ 
tist operate the vehicle 
together from a control 
room on board the ship 
(bottom tight). 
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HATCHETFISH 
Argyropelecus padficus 
(3 to 9 centimeters) 






DRAGONFISH 
Idiacanthus antrosiomus 
(40 centimeters) 


EELPOUT 

Mefanostigma pammelas 
(S to 10 centimeters) 




CTENOPHORE 

Berde 

(5 to 12 centimeters) 


PELAGIC WORM 
■9 Poeobtus meseres 
{2 to 3 centimeters) 


CREATURES OF THE MIDWATERS take diverse forms that are adapt¬ 
ed to their environment in a variety of ways. In particular, many 
fishes, squids and gelatinous animals can produce and sense small 
amounts of light. The role of such illumination is only partly understood, 
and for many animals it remains a mystery- hidden in the ocean's gloomy 
depths. (Approximate sizes of those shown here are given in parentheses,) 
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BRUCE H ROBISON; SEA STUDIOS (jellyfish, pelagic worm, clenophore); KIM REISENBICHLEfl ( Vampyroteuttiis\ 






JELLYFISH 
Catabtema sp 

(Bell diameter 4 centimeters) 


Vampyroteuthis mfemalis 
(25 centimeters: inverted 
configuration at right) 


SNIPE EEL 

Nemichthys scobpaceus 
0 meter) 


NARCOMEDUSA 
Sot miss us marshal 
(Bell diameter: 15 centimeters) 


Penphylla penphyila 
(Beil diameter: 7 centimeters) 


Colobonema sericeum 
(Bell diameter: 2.5 centimeters) 


DEEP-SEA CAT SHARK 
Parmaturus xaniurus 
(30 centimeters) 









their supportive, watery environment. 
In many respects, we now think of this 
delicate marine life as forming much of 
that midwater environment. 

Among the larger pieces of biological 
substratum pervading this region are 
the bodies of gelatinous animals, along 
with their extended feeding structures 
and discarded body parts. The most 
striking contributions of this kind in 
Monterey Bay are generated by the elon¬ 
gate siphonophores, linear assemblag¬ 
es that can stretch as much as 40 me- 
ters—making them some of the longest 
creatures on the earth. Whether these 
animals should be regarded as orga- 
nized colonies of individuals or as a sin¬ 
gle, complex superorganism remains un¬ 
dear. I think of them as living drift nets. 

Another part of the biological back¬ 
drop common in midwater is com¬ 
posed of the baHoonlike feeding filters 
of animals called appendiculariaiis. The 
most prominent examples are those 
produced by the giant form, Bathochor- 


daeus , an animal that secretes sheets of 
mucus that look to an underwater ob¬ 
server like floating islands. Because a 
multitude of midwater animals regular¬ 
ly cast off feeding structures and other 
body parts, at times the water can be¬ 
come thick with them. 

The best way to visualize the midwa¬ 
ter environment might be to imagine a 
dim, weightless world filled with ragged, 
three-dimensional spiderwebs. Although 
my colleagues and I have made a host 
of surprising discoveries about this 
wispy realm during our explorations, 
perhaps the most intriguing result to 
emerge from these efforts to probe the 
ocean's darkness has been an apprecia¬ 
tion for the role of light. 

Life in the Twilight Zone 

M arine biologists had for decades 
believed that sunlight could pene^ 
irate perhaps 300 to 400 meters below 
the surface of the sea before it became 


too weak to support vision—a belief 
they held despite their knowledge that 
fishes and squids with large, highly de¬ 
veloped eyes lived at depths below 
these levels. But now that we have been 
able to observe denizens of supposedly 
dark parts of the ocean, it is becoming 
clear that these animals are in fact in¬ 
fluenced by the tiny amount of sunlight 
that does filter down to their abode. 
Not until 1 was able peer directly into 
this world could I begin to appreciate 
what the midwater habitat is really like. 
Submerged alone in Deep Rover more 
than half a kilometer below the surface, 
I have often switched off the lights of 
the submarine and looked out at the 
blackness that surrounds the vehicle’s 
transparent passenger sphere. After let¬ 
ting my eyes fully adjust, 1 can perceive 
only that looking up is somewhat less 
dark than looking down. Yet it has be¬ 
come clear to marine biologists that a 
variety of animals must utilize this sub¬ 
tle difference. Moreover, we have be- 



The ROV carries both a black-and- 
white and a broadcast-quality color 
video camera. In addition to the two 
cameras and the powerful video lights, 
shipboard controllers can employ a 
scanning sonar system to "peer” into 
the vehicle's surroundings using high- 
frequency sound waves. Guided by 
these devices, scientists are able to 
make measurements and perform ex¬ 
periments using a variety of special- 
purpose hardware. These instruments 
include dye injectors (to track subtle 
currents), a transmissometer (to mea¬ 
sure optical clarity) and a structured 
light array (to map the density of partic¬ 
ulates). The ROV*s operators can also 
capture and recover objects of interest 
with several types of apparatus. Four 
detritus samplers, for example, easily 
encase small but delicate specimens, 
and a suction sampler is able to draw 
extended gelatinous animals into the 
vehicle. 

A new ROV called Tiburon (Spanish 
for shark) now under construction at 
the Monterey Bay Aquarium Research 
Institute in California should prove 
even more capable than Vemcma. Engi¬ 
neers at the institute are also designing 
and building prototypes of autonomous 
underwater vehicles. In years to come, 
these mobile robots will be able to car¬ 
ry out research missions of long dura¬ 
tion without the need for a constant hu¬ 
man presence—or telepresence—as is 
now required for operations with Deep 
Rover and Ventcma. 















MARSH VOU NGBLUTH Harbor Brunch Oceanographic institution 


SIPHONOPHORE deploys an intricate array of tentacles (above). 
If unsuccessful in catching prey, this creature remains in 
place for only a few minutes before hauling in its elaborate 
fishing gear and moving to another position. Most animals of 
the midwaters move effortlessly in three dimensions, but few 
venture into the anoxic zone near a depth of 700 meters, 
where oxygen concentration falls to a minimum (right)* 


OXYGEN 

[MILLILITERS PER LITER OF WATER) 




200 


300 


to 

a: 400 

LU 

W 

^ 500 
X 

m 600 
a 

700 


900 


1,000 

0 


TEMPERATURE 
(DEGREES CELSIUS) 

5 7 9 11 


come keenly aware that most creatures 
of this twilight world are able to aug¬ 
ment the scant sunlight reaching them 
with another form of natural illumina¬ 
tion, biolumineseence. 

Although bio luminescence is a rela¬ 
tively rare phenomenon in terrestrial 
ecosystems, the vast majority of the 
animals that inhabit the upper kilome¬ 
ter of the ocean arc capable of produc¬ 
ing light in one way or another. More¬ 
over, much of the particulate matter 
and biological detritus that floats sus¬ 
pended in these waters will glow after 
it is physically disturbed. These effects 
can interrupt the normal blackness of 
the deep ocean with an eerie light. 

Midw r ater animals employ bioIumT 
nescence in myriad ways. Some use it 
as a burglar alarm, coating an advanc¬ 
ing predator with sticky, glowing tissue 
that makes the would-be attacker vul¬ 
nerable to other visually cued hunters- 
like bank robbers marked by exploding 
dye packets hidden in stolen currency. 
Others use bioluminescence as camou¬ 
flage. The glow generated by light-pro¬ 
ducing organs, called photophores, on 
the undersides of some fishes and 
squids acts to countershade them: the 
weak downward lighting effectively eras¬ 
es the shadow cast when the animal is 
viewed from below against lighted wa¬ 
ters above. 

The midwater squids Chiroteuthis and 
Galiteuthis, for example, dearly demon¬ 
strate this use of bioluminescence. Their 
bodies are transparent except for their 
dense eyes and ink gland. Ornate light 


organs arrayed underneath these 
opaque structures shine downward to 
countershade them, whatever the posi¬ 
tion of the squid—head up, head down, 
inverted or upright l have found it a 
bit unnerving to stare eyeball to eyeball 
with a creature that can pivot its body 
around a rigid eye that neither blinks 
nor changes orientation. 

Although marine biologists have been 
able to understand the usefulness of 
countershading, other examples of bio¬ 
luminescence have long eluded our log¬ 
ic. One such enigma is a newly discov¬ 
ered species of tomopterid w f orm, an 
active, agile swimmer that has a multi¬ 
tude of paired legs along its tapered 
body. From specimens caught with nets, 
biologists have known that some spe¬ 
cies have structured light organs at the 
ends of their legs, but only last year 
James C. Hunt of the University of Cali¬ 
fornia at Los Angeles (as well as the 
Monterey Bay Aquarium Research Insti¬ 
tute) and I found a new form of biolu- 
minescent display in a tomopterid that 
has pigmented pores in roughly the 
same location as typical leg photo¬ 
phores. This species is a “spew'er": when 
stimulated, it squirts a bioluminescent 
fluid from each of its leg pores. The dis¬ 
charge forms a luminous cloud that can 
completely enshroud the body of the 
worm or leave a glowing trail as it races 
away. A thimbleful of the ejected fluid 
contains hundreds of tiny rods that glow 
brightly yellow. Other types of spewers 
are known; their strategy may be to 
cause a visual distraction. But this 


species remains puzzling. What is the 
purpose of the display? Why are the 
tiny light sources rod-shaped? Why is 
the light given off colored yellow when 
most midwater animals have eyes that 
are sensitive only to blue-green? 

Another mysterious application of 
bioluminescence involves much of the 
suspended particulate matter and most 
of the larger gelatinous animals living in 
midwater: they produce light when 
stimulated mechanically, “Contact flash¬ 
ing’ 1 can happen throughout a large vol¬ 
ume of this otherwise dim habitat. Most 
of the time, the surroundings remain 
tranquil, with abundant flashers at rest 
in the dark. But the disturbance of dri¬ 
ving Deep Rover through these depths 
of the ocean can trigger a barrage of 
exploding lights. The scene underwater 
can quickly begin to resemble some¬ 
thing out of a Star Wars movie. 

The natural movements of animals 
can also cause the ambient biological 
lighting to turn itself on, and such bio- 
Juminescent responses, when they oc¬ 
cur on a large scale, can lead to one of 
the most remarkable sights in midw f a- 
ters: a propagated display. This phe¬ 
nomenon starts with local motion trig¬ 
gering contact flashers to fire; these 
bursts then elicit further flashes like an 
echo through the adjacent water. Previ¬ 
ously poised animals begin moving 
when the background begins to glow, 
and their wakes in turn stir up even 
more light. If contact flashing occurs 
within a layer of dense particles, the 
cumulative effect of this biolumhie scent 
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activity can look like heat lightning rip¬ 
pling through a cloudy summer night. 
Whatever the motivation for contact 
hashing among simpler organisms, 
more highly developed animals of the 
tnidwater region seem well adapted to 
the situation. 

Midwater Attackers 

F ish such as hake, as well as some 
squids, are fast-moving, wide-rang¬ 
ing predators, but they often linger near 
Ventana f attracted to the lights of the 
ROV. It may be that they misinterpret 
the illuminated waters as an indication 
that moving prey are present. Perhaps 
they are conditioned by the daily ex¬ 
cursions of sunlight-shunning species 
that venture near the surface only at 
night. Such vertical migrations must be 
light-provoking events, as these animals 
pass through resident layers of contact 
flashers. But the potential for move¬ 
ment-induced bioluminescence proba¬ 
bly inhibits overall activity, keeping the 
midwater environment relatively static. 
Avoiding unnecessary light shows that 
would give away their position may be 
the reason mobile animals seem often 
to remain "parked” in one position 
much of the time. 

Even some predators stay largely mo¬ 
tionless. For instance, paralepidids— 
slender, speedy fish with bodies that 
look as though they are made of quick¬ 
silver—spend the daylight hours stand¬ 


ing on their tails, with their sharp snouts 
thrust upward and their large eyes star¬ 
ing into the waters above. My colleagues 
and l believe they are searching for sil¬ 
houettes of their prey against the weak¬ 
ly luminous backdrop. The hatchetfish 
Argyropelecus is another shadow stalk¬ 
er; it has a heavy keel to keep its body 
horizontal and to stabilize a pair of tub¬ 
ular eyes positioned on top of its body 
so that its view remains directed up¬ 
ward. Argyropelecus lives between about 
300 and 600 meters below the surface, 
where the sunlight must be sufficient to 
cast perceptible shadows. But a close 
relative, Sternopryx, lives at depths lot) 
great to employ this tactic and has 
smaller, normally shaped eyes aimed 
out to the sides. 

Further evidence indicates that the 
weak sunlight of the midwaters is strong 
enough to guide predators: a diversity 
of animals living at these depths are 
transparent. Such a form of appearance 
(or rather, disappearance) is good pro¬ 
tection in this monochromatic, low-light 
environment. Another optical defense 
mechanism is red body pigment; this 
color absorbs the available blue-green 
light and reflects nothing, a kind of “vi¬ 
sual stealth” strategy. 

It is not surprising that such optical 
ploys can work effectively. The visual 
regime in the midwaters is a bit like the 
scene from a low-light video surveil¬ 
lance camera. The range of color is nar¬ 
row; sensitivity is high, but resolution 


is low; and the directionality of light 
imparls a flatness to perceptions. To 
the unaided human eye, the visual field 
amounts to a coarse pattern of silhou¬ 
ettes and shadows. Within this light- 
limited milieu there appear to be only 
four basic shapes: streaks, blobs, strings 
and spots. Each of these phantoms 
characterizes a certain kind of subject. 
Streaks correspond to Ashes and squids. 
Rounded or amorphous blobs are usu¬ 
ally gelatinous creatures such as medu¬ 
sae and ctenophores or the web like 
feeding structures built from mucus by 
appendicularians. Stringy material is 
typically sinking mucus or the tails of 
siphonophores. Spots can be tiny zoo¬ 
plankton or particles of diffuse organic 
matter called marine snow. 

Within this framework we see a com¬ 
mon behavior pattern employed by a 
variety of creatures. When startled or 
threatened, some animals change their 
apparent shape, usually from elongate 
to rounded. Fishes such as eelpouts curl 
up into circles and hang motionless in 
the water. I believe this behavior is a 
form of mimicry: the animals adjust 
their appearance to resemble unpalat¬ 
able objects. From Deep Rover 1 have 
seen hake strike at fleeing fish while Ig¬ 
noring those that had curled up near¬ 
by. The balled-up fish probably resem¬ 
bled medusae—creatures of relatively 
low nutritional value that deter preda¬ 
tors with stinging tentacles. Not all ma¬ 
rine biologists agree with this hypothe- 



The Hunters and the Hunted 


COLOBONEMA, a smalt bioluminecent 
medusa, can jettison its brightly col¬ 
ored tentacles to distract predators, 
allowing the be!I-shaped body of 
the ani mal to escape. ^, '$3 


DRAGOMFISH attracts its . 
prey into striking distanee ♦ 
with a bioluminescent lure 
suspended from its chin, 
while glowing patterns on its 
body provide camouflage. 


PARALEPIDIDS are a type of 'shadow stalker.' 
These fish often hang vertically, looking for the sil¬ 
houettes of their prey in the dimly lit waters above. 






sis, but the observation that this behav¬ 
ior is rarely seen at greater depths 
(where there is insufficient light for the 
formation of even rough images) sup¬ 
ports the argument for the utility of 
shape-changing. Such behavior has cer¬ 
tainly fooled me at times. 

Light for the Blind 

M ost gelatinous animals, such as me¬ 
dusae, lack eyes and thus cannot 
form images of any kind* Yet some of 
these creatures are clearly sensitive to 
the lights of Ventana, even at a distance, 
showing a mild dislike for the bright¬ 
ness. My colleagues and I are accumu¬ 
lating evidence that suggests this sensi¬ 
tivity to light may regulate the animal's 
depth during the day. Changing light 
levels are known to control the morn¬ 
ing and evening migrations of fishes 
and krill, and it would now seem possi¬ 
ble that even eyeless creatures may 
somehow perceive the sun’s presence 
above them* 

We documented one example of such 
light sensitivity during an encounter 
with an animal called Bathyphysa, This 
bizarre creature, which is about two 
meters long, has appeared in front of 
Ventana’ s cameras only once, while the 
vehicle was cruising 500 meters below 
the surface. When the ROV approached 
it, the stem of the animal was vertical, 
with its gas-filled “pneumatophare" up¬ 
permost. The stem of the Bathyphysa 


had a mane of elongate, serial stomachs 
(so-called gastrozooids), each with a 
probing mouth at its end, and all were 
writhing like snakes. Several five- to 10- 
meler-iong feeding tentacles radiated 
out from a round, contracted part of 
the stem at its center* The stem was ex¬ 
ceptionally elastic, a trait that seemed 
to be explained when we discovered the 
animal's escape response* Sensing the 
lights of the ROV, this creature began a 
series of pounding contractions and re¬ 
laxations of the upper stem that had 
the effect of driving the animal down¬ 
ward. In concert with these pulsations, 
gastrozooids were cast off and left to 
drift away, one at a time* The result was 
a determined descent, although a fairly 
slow and taxing one. 

Such episodes suggest that eyeless 
creatures might well be able to sense 
even low-level light. In any case, it is 
dear that they can generate it* Colobo- 
rtema, for example, is a beautifully Iri¬ 
descent little medusa that has a “bell” 
that is about the size of a coin. In the 
lights of the ROV, muscle bands in the 
bell have a blue-green metallic sheen. 
The medusa's tentacles show a deep 
blue along their length and brilliant 
white at the tips. 

A fully developed individual has 32 
tentacles arrayed uniformly around the 
base of the bell. Often, however, speci¬ 
mens show fewer appendages set in 
tiers of different lengths* This appear¬ 
ance is perhaps explained by the ani¬ 


mal’s behavior: when startled, Colobo- 
nema darts away, leaving a group of 
bright, swirling tentacles in its wake. 
From Deep Rover I have observed that 
the rdease is occasionally preceded by 
ripples of luminescence pulsing rapidly 
through the bell. The many tentacles 
are then dropped as the bell goes dark 
and zigzags away into the surrounding 
blackness. 

Occupants of the Oxygen Minimum 

O ne of the characteristic features of 
the Pacific Ocean near Monterey 
Bay is a zone that is depleted in dis¬ 
solved oxygen. Just below the sea sur¬ 
face, oxygen concentrations are close 
to saturation (that is, the water holds 
as much oxygen as can possibly be dis¬ 
solved), but deeper in the ocean, oxy¬ 
gen content diminishes. At about 700 
meters of depth, oxygen concentration 
falls to a value that is only one thirtieth 
of that near the surface. Below this lev¬ 
el is a sharp transition from relatively 
clear water to a milky layer of very 
small particles. The milky layer shows 
a moderate amount of oxygen, and at 
1,000 meters the concentration rises 
further* Within the zone of lowest oxy¬ 
gen near 700 meters resides a unique 
group of animals that have adapted to 
meet the physiological challenges of g 
near-anoxia. g 

One of the most curious inhabitants S 
of the oxygen minimum is the archaic £ 



BATHYPHYSA is a gelatinous animal 
that tacks eyes but can nonetheless 
sense tight. It may use this ability as 
many fishes and squids do. to regu¬ 
late its depth 


EELPGUT fish some¬ 
times avoid predators 
(such as hake) by 
curling up. In the scant 
light Of the midwaters 
this maneuver can fool 
an attacker into pass¬ 
ing by what a ppears to 
be a rounded, 
unappetizing 
v medusa. 







eepbalopod Vampyroteuthis 
infemalis, a distant cousin 
to octopus and squid. A big 
Vam pyroteu th is ha s the 
size and shape of a soft 
football. Its body is velvety 
brown with large eyes that 
glow like blue opals in the 
ROV lights. Near the tip of 
the stubby, conical mantle 
are two rounded fins and 
two large light organs with 
irislike shutters. Vampyro¬ 
teuthis has eight arms like 
an octopus, but they sup¬ 
port a broad web between 
them. In addition to having 
suckers, the arms bear a se¬ 
ries of paired, fingerlike 
protrusions, called cirri, 
that project inward. Vam¬ 
pyroteuthis also has two ad¬ 
ditional appendages: long, 
elastic sensory filaments 
that withdraw into pockets 
between the third and 
fourth arms on each side. 

This creature can be re¬ 
garded as a living fossil, a 
modern-day representative 
of the cephalopods that pre¬ 
ceded the evolutionary split 
into eight- and 10-armed 
groups. Vampyroteuthis pro¬ 
pels itself with jets of water 
expelled from its siphon 
and by flapping its stubby 
fins. At the center of the 
webbed arms is a dark, 
hooked beak. We do not yet know what 
this animal eats, but it substantially re¬ 
duces its own chances of being con¬ 
sumed by living in an inhospitable, an¬ 
oxic part of the ocean. 

My colleagues and 1 have discovered 
that this strange animal has a biolumi- 
nescent organ at the tip of each of its 
arms. Vampyroteuthis somehow' uses 
these light sources by swinging its 


at a loss to explain exactly 
what function this unusual 
behavior might serve. 

Technology-Driven 
Exploration 

I T he present length of 
_ Ventana's umbilical 
tether has permitted us to 
explore a volume of water 
one kilometer deep with a 
visual resolution that ex¬ 
tends from about one cen¬ 
timeter to several hundred 
meters. Although this span 
covers the ranges of a large 
portion of the region’s mid¬ 
water species, there are still 
many measurements we 
cannot yet make. Bui this 
situation is changing. Fu¬ 
ture technical development 
by engineers at our institute 
should allow us to probe 
even deeper. Soon new op¬ 
tical and acoustic sensing 
systems will let us examine 
larger volumes from great¬ 
er distances and so allow us 
to assess the distribution of 
midwatcr animals even 
more thoroughly. 

We expect eventually to 
have autonomous probes 
that will leave time-lapse 
cameras in place so that we 
can track slowly moving an¬ 
imals around the dock for 
days at a time. Fast-swimming robotic 
vehicles will follow mobile animals, al¬ 
lowing us better to observe their feed¬ 
ing and migration patterns. The possi¬ 
bilities for investigation seem endless. 
Hence, despite the numerous discover¬ 
ies already made, we must consider our 
undersea investigations to have just 
begun—the ocean’s depths are so vast, 
and there is so much more to explore. 


APOLEMIA, an elongate gelatinous creature (froffom), may be 
regarded as either a colonial animal or a superorganism, A 
sonar scan of such ’living drift nets” (fop) has semicircular ref¬ 
erence lines at IOmeter increments and shows that some of 
these organisms can extend up to 40 meters, making them 
among the longest animals known. 

webbed arms upward and over the 
mantle, which turns the suckers and cir¬ 
ri outward and changes the animal r s 
likeness from a football into a spiky 
pineapple with a glowing top. 

This maneuver covers the animal's 
eyes, but the webbing between tenta¬ 
cles is apparently thin enough for it to 
see through. We have observed this 
transformation frequently but remain 
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The Trebuchet 

Recent reconstructions and computer simulations reveal 

the operating principles of the most powerful weapon of its time 


by Paul E. Chevedden, Les Eigenbrod, Vernard Foley and Werner Soedel 



C enturies before the development of effective cannons, huge artillery 
pieces were demolishing castle walls with projectiles the weight of an 
upright piano. The trebuchet, invented in China between the fifth and 
third centuries b.c.e., reached the Mediterranean by the sixth century c.E. It 
displaced other forms of artillery and held its own until well after the coming 
of gunpowder. The trebuchet was instrumental in the rapid expansion of 
both the Islamic and the Mongol empires. It also played a part in the transmis¬ 
sion of the Black Death, die epidemic of plague that swept Eurasia and North 
Africa during the 14th century. Along the way it seems to have influenced 
both the development of clockwork and theoretical analyses of motion. 

The trebuchet succeeded the catapult, which in turn was a mechanization 
of the bow [see “Ancient Catapults,” by Werner Soedel and Vernard Foley; 
Scientific American, March 1979], Catapults drew their energy from the 
elastic deformation of twisted ropes or sinews, whereas trebuchets relied on 
gravity or direct human power, which proved vastly more effective. 

The average catapult launched a missile weighing between 13 and 18 kilo- 








MODERN RECONSTRUCTION of a medieval siege engine hurls a piano across lire 
English countryside. This trebuchet, patterned after ones used in Europe and the 
Middle East, has lofted objects weighing as much as 500 kilograms. Its largest fore¬ 
bears could toss more than a ton, (The 60-foot-high reconstruction was built in 
Shropshire by Hew Kennedy and Richard Barr.) 
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manajaniq (An Elegant Book on Treb¬ 
uchets), written in 1462 c.e. by Yusuf 
ibn Urunbugha al-Zaradkash. One of 
the most profusely Illustrated Arabic 
manuscripts ever produced, it provides 
detailed construction and operating in¬ 
formation, These writings are particu¬ 
larly significant because they offer a 
unique insight into the applied mechan¬ 
ics of premodem societies. 

We have made scale models and com¬ 
puter simulations that have taught us a 
great deal about the trebuchet’s opera¬ 
tion, As a result, we believe we have un¬ 
covered design principles essentially 
lost since the Middle Ages. In addition, 
we have found historical materials that 
push back the date of the trebuchet’s 
spread and reveal its crucial role in me¬ 
dieval warfare. 

Historians had previously assumed 
that the diffusion of trebuchets west¬ 
ward from China occurred too late to 
affect the initial phase of the Islamic 
conquests, from 624 to 656. Recent 
work by one of us (Chevedden), howev¬ 
er, shows that trebuchets reached the 
eastern Mediterranean by the late 500s, 
were known in Arabia and were used 
with great effect by Islamic armies. The 


powerful trebuchets, in contrast, could 
launch missiles weighing a ton or more. 
Furthermore, their maximum range 
could exceed that of ancient artillery. 


grams, and the most commonly used 
heavy catapults had a capacity of 27 
kilograms. According to Philo of Byzan¬ 
tium, however, even these machines 
could not inflict much damage on walls 
at a distance of 160 meters. The most 


Recovering Lost Knowledge 

W e have only recently begun to re¬ 
construct the history and operat¬ 
ing principles of the trebuchet. Schol¬ 
ars as yet have made no comprehen¬ 
sive effort to examine ail the available 
evidence. In particular, Islamic technical 
literature has been neglected. The most 
important surviving technical treatise 
on these machines is Kitab aniq fi al- 




GUGUELMQGWJm 





































technological sophistication for which 
Islam later became known was already 
manifest. 

The Mongol conquests, the largest in 
human history, also owed something 
to this weapon. As a cavalry nation, the 
Mongols employed Chinese and Mus¬ 
lim engineers to build and operate treb- 
uchets for their sieges. At the invest¬ 
ment of Kaffa in the Crimea in 1345- 
46, the trcbuchet’s contribution to bio¬ 


logical warfare had perhaps its most 
devastating impact. As Mongol forces 
besieged this Genoese outpost on the 
Crimean peninsula, the Black Death 
swept through their ranks. Diseased 
corpses were then hurled into the city, 
and from Kaffa the Black Death spread 
to the Mediterranean ports of Europe 
via Genoese merchants. 

The Uebuchet came to shape defen¬ 
sive as well as offensive tactics. Engi¬ 


neers thickened walls to withstand the 
new artillery 7 and redesigned fortifica¬ 
tions to employ trebuchets against at¬ 
tackers. Architects working under ah 
Adil (1196-1218), Saladin’s brother and 
successor, introduced a defensive sys¬ 
tem that used gravity-powered trebu¬ 
chets mounted on the platforms of tow¬ 
ers to prevent enemy artillery 7 from com¬ 
ing within effective range. These towers, 
designed primarily as artillery emplace- 


The Physics 
of the Trebuchet 

T he motion of the trebuchet is 
simple enough in its essentials 
to have inspired medieval studies 
of motion, but its details are subtle 
and require computer simulations 
to interpret accurately* Only recently 
have we come to understand how 
the rotation of the counterweight 
plays a crucial role in transferring 
energy to the beam and thence to 
the sling and projectile. 


TRACTION 




Sling was attached firmly to the beam at one end 
and looped over a metal prong at the other. When it 
reached the proper angle in its arc, the loop would 
fly free, releasing the projectile. Proper adjustment 
of the prong and the overall length of the sling were 
crucial to achieving maximum range. 


FIXED 

COUNTERWEIGHT 


Earliest trebuchets were powered by crews 
pulling on ropes rather than by counterweights. 
Crews of as many as 250 men pulled to send 
projectiles I 00 meters or more. In this example of 
a small traction machine, the sling-holder's weight 
flexed the beam and increased the range. 


Addition of counterweights Increased the power of the treb¬ 
uchet. The elimination of the pulling ropes made possible anoth¬ 
er innovation: by placing a trough under the trebuchet beam to 
hold the projectile, engineers could lengthen the sling and in¬ 
crease the range even further. The sling rotates faster after the 
shot is airborne, so its length controls the launch angle. 
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ments, took on enormous proportions 
to accommodate the larger trebuchets, 
and castles were transformed from 
walled enclosures with a few small tow¬ 
ers into clusters of large towers joined 
by short stretches of curtain walls. The 
towers on the citadels of Damascus, 
Cairo and Bosra are massive structures, 
as large as 30 meters square. 


Simple but Devastating 


cnhe principle of the trebuchet was 
_L straightforward. The weapon con¬ 
sisted of a beam that pivoted around 
an axle that divided the beam into a 
long and short arm. The longer arm ter¬ 
minated in a cup or sling for hurling the 
missile, and the shorter one in an at¬ 
tachment for pulling ropes or a coun¬ 
terweight. When the device was posi¬ 
tioned for launch, the short arm was 
aloft; when the beam was released, the 


long end swung upward, hurling the 
missile from the sling. 

Three major forms developed: trac¬ 
tion machines, powered by crews pull¬ 
ing on ropes; counterweight machines, 
activated by the fall of large masses; 
and hybrid forms that employed both 
gravity and human power. When trac¬ 
tion machines first appeared in the 
Mediterranean world at the end of the 
sixth century, their capabilities were so 
far superior to those of earlier artillery 
that they were said to hurl “mountains 
and hills," The most powerful hybrid 
machines could launch shot about three 
to six times as heavy as that of the most 
commonly used large catapults. In ad¬ 
dition, they could discharge significant¬ 
ly more missiles in a given time. 

Counterweight machines went much 
further. The box for the weight might 
be the size of a peasant's hut and con¬ 
tain tens of thousands of kilograms. The 


HINGED 

COUNTERWEIGHT 






HINGED AND PROPPED 
COUNTERWEIGHT 


Hinged counterweight 

machines added yet another 
increment to the range by im¬ 
proving the efficiency with 
which the trebuchet converted 
gravitational energy to projec¬ 
tile motion. The center of grav¬ 
ity of the weight fell straight 
down during the first phase of 
acceleration; as the hinge 
straightened, the rotation of 
the weight around its center of 
gravity added to the energy 
transferred. Continued rota¬ 
tion helped to slow the beam 
as the projectile was released, 
reducing strain on the mecha¬ 
nism, The smoothness of the 
trebuchefs action meant it did 
not have to be repositioned af¬ 
ter each shot and so could dis¬ 
charge more missiles in a giv¬ 
en time. 


Propped counterweights 

allowed engineers to squeeze 
even more energy out of the 
counterweight. By propping 
up the counterweight at an an¬ 
gle before firing, they gave it 
slightly farther to fall. This in¬ 
novation also increased the 
distance between the center of 
gravity of the counterweight 
and the pivot around which 
the trebuchet beam rotated. 

—Vernard Foley 


projectile on the other end of the arm 
might weigh between 200 and 300 kilo¬ 
grams, and a few trebuchets reportedly 
threw stones weighing between 900 and 
1,300 kilograms. With such increased 
capability, even dead horses or bundled 
humans could be flung. A modem re¬ 
construction made in England has 
tossed a compact car (476 kilograms 
without its engine) 80 meters using a 
30-ton counterweight. 

During their heyday, trebuchets re¬ 
ceived much attention from engineers— 
indeed, the very word “engineering" is 
intimately related to them. In l^atin and 
the European vernaculars, a common 
term for trebuchet was “engine” (from 
ingenium , “an ingenious contrivance”), 
and those who designed, made and 
used them were called ingeniators. 

Engineers modified the early designs 
to increase range by extracting the most 
possible energy from the falling coun¬ 
terweight and to increase accuracy by 
minimizing recoil. The first difference 
between counterweight machines and 
their traction forebears is that the sling 
on the end of the arm is much longer. 
This change affects performance dra¬ 
matically by Increasing the effective 
length of the throwing arm. It also 
opens the way for a series of additional 
improvements by making the angle at 
which the missile is released largely in¬ 
dependent of the angle of the arm. By 
varying the length of the sling ropes, 
engineers could ensure that shot left 
the machine at an angle of about 45 
degrees to the vertical, which produces 
the longest trajectory. 

At the same time, so that more of die 
weight's potential energy converts to 
motion, the sling should open only 
when the arm lias reached an approxi¬ 
mately vertical position (with the coun¬ 
terweight near the bottom of its travel). 
Observations of the trebuchet may 
have aided the emergence of important 
medieval insights into the forces asso¬ 
ciated with moving bodies. 

Swinging Free 

T he next crucial innovation was the 
development of the hinged coun¬ 
terweight. During the cocking process, 
the boxes of hinged counterweight ma¬ 
chines hang directly below the hinge, at 
an angle to the arm; when the arm of 
the trebuchet is released, the hinge 
.straightens out. As a result of this mo¬ 
tion, the counterweight’s distance from 
the pivot point, and thus its mechanical 
advantage, varies throughout the cycle. 

The hinge significantly increases the 
amount of energy that can be delivered 
through the beam to the projectile. Me¬ 
dieval engineers observed that hinged 
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NEWER TOWERS 


-U 


CAIRO CITADEL {top) was 
remodeled at the lum of 
the 13th century to accom¬ 
modate the most powerful 
trebuchets then in use, the 
counterweight machines. 
The earlier wall, with its 
small, half-round towers 
(foreground of picture f 
blue circles on pian ), was 
augmented by a series of 
much more massive tow 
ers (red) that supported 
counterweight machines 
used to prevent enemy ar¬ 
tillery from getting within 
range. An illustration from 
An Elegant Book on Treb¬ 
uchets {bottom left) shows 
both a counterweight ireb- 
uchet and a traction ma¬ 
chine mounted on the top 
of a tower. 


OLD TOWERS 


-v\ 



counterweight machines, all else being 
equal, would throw their projectiles far¬ 
ther than would fixed-weight ones. Our 
computer simulations indicate that 
hinged counterweight machines deliv¬ 
ered about 70 percent of their energy to 
the projectile. They lose some energy 
after the hinge has opened fully, when 
the beam begins to pull the counter¬ 
weight sideways. 

Although it exacts a small cost, this 
swinging of the counterweight has a 
significant braking effect on the rotat¬ 
ing beam. Together with the transfer of 
energy to the sling as it lifts off and 
turns about the beam, the braking can 
bring the beam nearly to a stop as it 
comes upright. The deceleration eases 
the strain on the machine's framework 
just as the missile departs. As a result, 
the frame is less likely to slide or 
bounce. Some pieces of classical-era ar¬ 
tillery, such as the onager, w 7 ere notori¬ 
ous for bucking and had to be mount- 
£ ed on special compressible platforms. 


The much gentler release of the treb- 
uchet meant that engineers did not 
have to reposition the frame between 
shots and so could shoot more rapidly 
and accurately. A machine of medium 
size built by the Museum of Falsters 
Minder in Denmark has proved capable 
of grouping its shots, at a range of 180 
meters, within a six-meter square. 

Capturing the Trebuchet’s Lessons 

I ater engineers attempted to capture 
j the great power that trebuchets rep¬ 
resented. Some of these efforts are 
made visible in historical records by the 
proliferation of counterweight boxes in 
the form of the mathematical curve 
called the saltcellar, or salinon. The 
counterweight boxes of the more elab¬ 
orate trebuchets took this shape be¬ 
cause it concentrated the mass at the 
farthest distance from the hinge and 
also reduced the clearance necessary 
between the counterweight and the 
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COUNTERWEIGHT TREBUCHET was a mainstay of me¬ 
dieval artillery. This illustration from Conrad Kyeser’s 
Belli fortis shows the dimensions of the main beam (46 
feet for the long arm, eight for the short) and some of 
its other parts. The text, left incomplete at Kyeser’s 
death in 1405, does not describe the machine in detail. 


frame. The same form reap¬ 
peared on later machines that 
incorporated pendulums, such 
as pendulum-driven saws and 
other tools. 

Most attempts to extend the 
trebuchet's principles failed be¬ 
cause the counterweight’s pow¬ 
er could not be harnessed effi¬ 
ciently, Success came only in 
timekeeping, where it was not 
the trebuchet's great force but 
rather its regular motion that 
engineers sought. Pendulums 
were a dramatic step forward in 
accuracy from earlier controller 
mechanisms. 

Although the pendulum is 
usually associated with the 
time of Galileo and Christiaan 
Huygens, evidence for pendu¬ 
lum controllers can be traced 
back to a family of Italian 
clockmakers to whom Leonar¬ 
do da Vinci was close. Indeed, 
da Vind explicitly says some of his de¬ 
signs can be used for telling time. His 
drawings include a hinge between the 
pendulum shaft and bob, just as ad¬ 
vanced trebuchets hinged their coun¬ 
terweights, and show notable formal 
resemblances to fixed counterweight 
machines as well. In the case of earlier 
clockwork, there is a marked similarity 
both in form and in motion between 
the saltcellar counterweight and a 
speed controller called the strob. The 
strob oscillates about its shaft just as 
the counterweight does before quieting 
down at the end of a launch. 

Trebuchets also appear to have 
played a role in the greatest single me¬ 
dieval advance in physical science, the 
innovations in theoretical mechanics 
associated with Jordanus of Nernore, 
The key to Jordanus's contribution is 
his concept of positional gravity, a re¬ 
vival in the Middle Ages of the idea of a 
motion vector, or the directedness of a 


force. Jordanus held that for equal dis¬ 
tances traveled, a weight was “heavier,” 
or more capable of doing work, when its 
line of descent was vertical rather than 
oblique. In particular, he compared cas¬ 
es in which the descents were linear 
with those that followed arcs. Eventual¬ 
ly this understanding led to the notion 
that work is proportional to weight and 
vertical distance of descent, no matter 
what path is taken. 

The connection is clear. Engineers 
knew that machines with hinged coun¬ 
terweights, in which the weight de¬ 
scends essentially straight down dur¬ 
ing the first, crucial part of the launch 
cycle, would throw stones farther than 
would their fixed counterweight equiv¬ 
alents, in which the mass travels in a 
curve. 

Other aspects of Jordanus’s work 
may show military connections as w r ell. 
The suspension of the hinged counter¬ 
weight, with the constantly changing 


leverage of its arm, may have 
spurred Jordanus's related at¬ 
tempts to analyze the equilibri¬ 
um of bent levers and to em¬ 
phasize that it was the horizon¬ 
tal distance between the mass 
on a lever arm and its fulcrum 
that determined the work it 
could do. Observations of the 
differing distances to which 
fixed and hinged counterweight 
machines could throw their 
stones may have helped Jor¬ 
danus in his pioneering efforts 
to define the concept of work, 
or force times distanc e. 

Jordanus’s observations are 
usually studied as an example 
of pure physics, based on the 
teachings of carder natural phi¬ 
losophers, such as Archimedes, 
The closeness of his mechanics 
to trebuchet function, however, 
suggests that engineering prac¬ 
tice may have stimulated theory. 
Closing the circle, Galileo later incorpo¬ 
rated such Jordanian ideas as virtual 
displacement, virtual work and the anal¬ 
ysis of inclined planes to support such 
new T er mechanics as his famous analy¬ 
sis of the trajectory of cannon shot. 

Galileo’s theoretical innovations came 
only after the replacement of trebuchets 
by cannon, a process that took nearly 
two centuries and was not fully accom¬ 
plished until metallic shot replaced 
stones. The last instance of trebuchet 
use comes from the New World, at the 
siege of Tenochtitlan (Mexico City) in 
1521, As ammunition was running crit¬ 
ically low, Cortes eagerly accepted a 
proposal to build a trebuchet. The ma¬ 
chine took several days to build, and at 
the first launch the stone went straight 
up, only to return and smash it. tn view 
of the tremendous power of these de¬ 
vices, and the finesse required to make 
them function properly, would-be repli¬ 
cators should take careful note. 


The Authors 
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Cookstoves for the 


Developing World 

Traditional wood, charcoal and coal stoves are used in hundreds 
of millions of homes. Their redesign can have a dramatic effect 
on energy usage, the environment and community health 

by Daniel M. Kammen 


H alf the world’s population of 
nearly six billion people prepare 
their food and heat their homes 
with coal and the traditional biomass 
fuels of dung, crop residues, wood and 
charcoal. The procurement and con¬ 
sumption of these fuels define the char¬ 
acter of everyday life in many develop¬ 
ing countries, 

hi rural areas, women and children 
may spend several hours a day collect¬ 
ing wood for cooking or making char¬ 
coal, tasks that contribute to deforesta¬ 
tion and soil erosion. Worse, the chok¬ 
ing smoke from indoor wood fires 
causes respiratory disease—mainly 
pneumonia—which is the leading health 
hazard in developing nations and an¬ 
nually kills four to five million children 
worldwide. 

living in the city provides no refuge. 
The urban poor frequendy spend a sig¬ 
nificant fraction of their income on the 
purchase of charcoal and wood. Com¬ 
bustion of biofuels contributes to the 
hazy pall that hangs over the cities of 
the developing world. Carbon dioxide, 



methane and other greenhouse gases 
from cooking fires may also foster 
global warming. 

Since the energy crisis of the 1970s, 
international aid organizations have 
targeted the improvement of tradition¬ 
al cooking practices as a simple and af¬ 
fordable way to address the environ¬ 
mental, economic and energy issues 
posed by the home fire. Several hundred 
projects spread throughout dozens of 
countries have promoted the “im¬ 
proved 11 eookstove—a more efficient 
adaptation of the metal or day imple¬ 
ments on which many of the world’s 
families cook their daily meals. These 
efforts range from national initiatives 
chat have introduced more than 120 
million stoves into homes in rural Chi¬ 
na to village training programs in East 
Africa in which small groups of women 
Learn to build and maintain their own 
stoves. 

Cookstove programs follow closely 
the model for technology development 
and adoption established by the late 
British economist E. F. Schumacher in 
his 1973 classic Small Is Beautiful Schu¬ 
macher made a compelling case for 
"appropriate technologies" that were 
affordable and could be produced and 
maintained locally. Unfortunately, the 
enthusiasm of many of Schumacher’s 
early followers concealed a meager 
technical know-how or simple naivete. 
Virtually every developing country can 
point to examples of dilapidated wind 
pumps or photovoltaic power systems 
that either did not work or could not 
be repaired with local materials. 

Modernized woods to ves w r ere often 
too bulky or saved fuel only when used 


OPEN FIRE {left) used for cooking in 
millions of rural homes transfers heat 
lo a pot poorly. As little as 10 percent 
of the heat goes to the cooking utensil; 
the rest is released to the environment. 


under ideal conditions seldom found 
in the field. Cookstove training courses 
were sometimes offered only to men, 
even though women perform more than 
90 percent of the cooking duties in 
most developing countries. 

Over the past decade government 
programs, development assistance 
groups and community-based organiz¬ 
ers have undertaken a thorough review 
of the requirements for successful dis¬ 
semination of cookstove technology . A 
new generation of stove programs is 
now implementing these hard-won 
lessons. Phis effort encompasses ev¬ 
erything from an examination of stove 
thermodynamics and materials science 
to market research and grass-roots ed¬ 
ucational campaigns. 

Cookstoves in Kenya 

A case history that traces the prog¬ 
ress of stove development from 
early- misstep to ultimate acceptance 
can be found in East Africa. Almost one 
million households now cook with the 
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COOKSTOVE SMOKE is ubiquitous in Kenya, where wood, char- ing. Particulates in smoke are a major contributor to respirato- 
coal and other biomass Fuels are used for cooking and heat- ry disease, the leading cause of illness in developing nations. 


Kenya ceramic Jiko. The Jiko—the word 
means “stove" in Swahili—consists of a 
metal casing with a ceramic lining that 
helps to direct 25 to 40 percent of the 
heat from a fire to a cooking pot. The 
traditional meta) stove that the ceramic 
Jiko replaces delivers only 10 to 20 per¬ 
cent of the heat generated to a pot, 
whereas an open cooking fire may yield 
efficiencies of as little as 10 percent. 

The first improved stoves began to 
appear in the early 1980s and were de¬ 
signed by aid groups such as UNICEF 
and CARE-Kenya. The response from 
stove users was mixed at best. The de¬ 
signers, mainly natives of the U.S. and 
Europe, two havens of consumerism, 
had forgotten the first thing about mar¬ 
keting, Field testing was afi too brief, 
sometimes with pathetic results. In one 
of the first models, the stove's opening 
did not match the size of most pots. 

Even more fundamental problems 
plagued some of the early prototypes. 
Designers acted as if it would be an ele¬ 
mentary exercise to improve the effi- 


METAL STOVE (left), a traditional cook¬ 
ing implement, directs only 10 to 20 
percent of the heat to a pot. From 50 to 
70 percent of the heat is lost through 
the stove's metal sides, and another 10 
to 30 percent escapes as carbon diox¬ 
ide, carbon monoxide, methane and 
other flue gases. 



dency of the common metal stove, a 
deceptively simple canlike enclosure 
into which charcoal or wood is fed and 
ignited. In fact, after much trial and er¬ 
ror, it turned out that an extensive in¬ 
vestigation of stove physics and engi¬ 
neering design was needed. This analy¬ 
sis revealed that the largest loss of heat 
from the fire, about 50 to 70 percent, 
occurs from radiation and conduction 
through the metal walls. Makers of 
some of the first stoves took measures 
to deliver more of the fire’s energy di¬ 
rectly to the pot. They sometimes ac¬ 


complished their job a little too well. 

The design for one early improved 
Jiko model emerged after an aid group 
named the Kenya Renewable Energy 
Development Program sponsored a re¬ 
search crip to Thailand to inspect an 
improved stove—the Thai bucket. The 
resulting Jiko design had inward-slop¬ 
ing metal tvalls, like the Thai stove, as 
well as an insulating liner made of ce¬ 
ramic and a mica called vermicufite. 
The liner was cemented from the top 
to the bottom of the inner surface 
walls. It caused excessive amounts of 
heat to be retained inside the ta¬ 
pered vessel. Metal fatigue re¬ 
sulted from exposure to the 
trapped hot gases, which caused 
structural segments to crack. 

An initial round of field tests 
did not provide enough feedback 
to stop this first-generation im¬ 
proved Jiko from reaching the 


KENYA CERAMIC JIKO (left) in 
creases stove efficiency by addi¬ 
tion of a ceramic insulating liner 
(the brown element), which en¬ 
ables 25 to 40 percent of the heat 
to be delivered to the pot. From 
20 to 40 percent of the heat is ab¬ 
sorbed by the stove walls or else 
escapes to the environment. In 
addition, 10 to 30 percent gets 
lost as flue gases, such as carbon 
dioxide. 
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market, where it received an equivocal 
response from purchasers. Various 
governmental and international aid 
groups, however, continued to work 
with a loose consortium of craftspeo¬ 
ple, called Jua Kali, or “Hot Sun," to try 
to rectify the problems* 

Better stove designs gradually came 
about during the mid-1980s. At that 
time, a number of academics began to 
publish serious analyses of optimal 
stove combustion temperatures and of 
the insulating properties of the ceramic 
liner materials. One of the most no¬ 
table contributions to enhanced design 
came through the responses of several 
women’s organizations that had formed 
around such issues as community 
health and protection of the environ¬ 
ment. These groups were part of a fem¬ 
inist movement spreading throughout 
the developing world. In Kenya, it was 
women who suggested recasting the 
metal bucket design, with its unstable 
narrow base, into an hourglass shape. 

That alteration prevented the new 
stove from tipping over, a constant dan¬ 
ger when food was vigorously stirred 
in Lhe Thai-influenced, bucketlike im¬ 
plement. It also meant that the insulat¬ 
ing liner need extend only from the up¬ 
per lip to its narrowest circumference 


at the stove’s middle—and the tapered 
shape let the liner rest stably cemented 
to the upper metal walls without falling 
into the stove’s bottom cavity. Because 
the liner covered only half the stove’s 
interior, it did not cause the overheat¬ 
ing and consequent cracking that had 
plagued the early versions. 

These design changes, along with ex¬ 
tensive training programs established 
by aid groups and women’s organiza¬ 
tions, caused dramatic gains in accep¬ 
tance for the more efficient stoves. 
Schools, churches and businesses were 
among the first owners and helped to 
spark the interest of individual buyers. 
Today hundreds of Jua Kali manufac¬ 
turers provide stoves to some 20,000 
purchasers every month. 

Benefits of the Jiko 

T he ceramic Jiko has had a consider¬ 
able impact on household finances. 
Typical savings of 1,300 pounds of fuel 
a year frees up about $65 per house¬ 
hold—up to a fifth of lhe annual in¬ 
come for urban dwellers. Women have 
benefited in that they control a dispro¬ 
portionately small share of family in¬ 
come yet are the primary purchasers of 
fuel. The Kenya ceramic Jiko has im¬ 
proved their lot in impor¬ 
tant ways. Many have in¬ 
vested the savings from re¬ 
duced fuel purchases in 
small businesses or school 
fees for their children. 
Currently more than half 
of aE urban households in 
Kenya own the ceramic 
Jiko , and purchasers range 
from the poor to the af¬ 
fluent. The concentration 
of demand in urban areas 
points up another difficulty 
with the early stove pro¬ 
grams, which commonly 
targeted users in the coun¬ 
tryside. Programs outside 
the cities, where more than 
70 percent of the Kenyan 
population lives, seemed 
justified because they met 
the needs of the poorest 
segment of society- But the 
$2 to $5 stove price proved 
too high for many house¬ 
holds that had the option 
of collecting their own fire¬ 
wood and cooking over 
open fires. For city dwell¬ 
ers, who sought ways to 
cut their unavoidable fuel 
costs, more efficient stoves 
held a greater allure. 

Establishing an infra¬ 
structure for stove produc- 



M ETA L COOK STOVE: Traditional cookstove, pro¬ 
duced by local artisans, has a metal skin that lets heat 
escape easily. Efficiency: 10 to 20 percent. Cost: $0.25 
to $10. Number disseminated: hundreds of millions. 




KENYA CERAMIC JtKO: This meta! stove with a 
ceramic liner has achieved great popularity both with¬ 
in Kenya and in neighboring countries. Efficiency: 25 
to 40 percent. Cost: $2 to $5. Number disseminated: 
nearly one million, 

MAENDELEO: This ceramic insulating liner can 
serve as an Inexpensive stove when placed in an 
open fireplace and reinforced with mud and stones. 
Efficiency: 15 to 35 percent Cost: $0,80 to $1.20. 
Number disseminated: more than 100,000. 





KUNl MBILI: A variation on the ceramic Jiko, this 
stove has a large firebox to hold wood sticks instead 
of charcoal, making it more suited for rural cooking. 
Efficiency: 25 to 40 percent. Cost: $2 to $5. Number 
disseminated: more than 20,000. 

CHINESE IMPROVED COGKSTOVE: Brick and 
mortar stoves with chimneys are used to bum wood, 
straw, rice husks and coal. Efficiency: 20 to 40 per¬ 
cent. Cost: $8 to $9. Number disseminated: more 
than 120 million. 

INDIAN CHULA: Efficient clay fireplaces, called 
Chuias, have been installed in rural homes in India. 
Efficiency: 10 to 40 percent Cost: $8 to $10. Number 
disseminated: more than eight million. 
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tion has begun to benefit the masses 
who live outside the city. Village resi¬ 
dents have little ability to pay for a ce¬ 
ramic Jiko that may cost up to $5* But 
they may be willing to spend something 
less than that amount, some observers 
reasoned. After all, there are undeni¬ 
able benefits for an implement that will 
diminish the drudgery of collecting 
wood for hours on end and that will re¬ 
duce the acrid smoke in cooking huts. 
The smoke can cause exposure to par¬ 
ticulates at 20 times the level that the 
World Health Organization considers a 
serious health risk. 

Success of the ceramic Jiko in Nairobi 
and Mombasa did not go unnoticed by 
many of the women’s groups that had 
organized in rural areas. An alliance de¬ 
veloped between leading government 
and aid organizations in Nairobi and 
women’s groups, most notably Maen¬ 
deleo ya Wanawake (literally "Women's 
Development"), From these efforts has 
come a simplified and affordable vari¬ 
ant of the ceramic Jiko. 

The Maendeleo stove borrows the in¬ 
sulating element from the ceramic Jiko 
without the metal outer covering. The 
ceramic liner is set down in the middle 
of the open fireplace; it is then rein¬ 
forced with mud and stones. A pot 
placed atop the stove heats almost as 
quickly as one on a Kenya ceramic Jiko. 
Indoor smoke is reduced considerably 
through more efficient combustion. 
Further, a Maendeleo stove is usually 
placed near a wall of the hut so that 
smoke can climb along the wall and 
exit more easily. 

The Maendeleo stove costs as little as 
80 cents; more than 100,000 of them 
have been disseminated so far. This ru¬ 
ral success story helped to spawn a 
third-genera tion cook stove, the Kuni 
Mbili (“two-stick") stove, which has a 
larger firebox to accommodate wood 
instead of the charcoal typically used 
in urban settings* 

The Kenyan program has been emu¬ 
lated in a number of other African 
countries, where the improved stoves 
continue to gain popularity. Variants of 
the Kenya ceramic Jiko have made their 
way to Tanzania, which has more than 
54,000 stoves; Sudan, which has 
28,000; Uganda, which has 25,000; and 
Zambia and Burundi, each having from 
5,000 to 10,000* 

Chinese and Indian Programs 

H igher efficiency cookstovcs have 
been adopted throughout the de¬ 
veloping world* China has by far the 
world’s most extensive program, with 
more than 120 million stoves in place- 
seven out of 10 rural households own 
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SOLAR OVEN, shown in Kenya, cooks food in a 
glass-covered box where pots are placed. 


these units. The longtime isolation 
of that huge country has, until re¬ 
cently, made it less influential than 
Kenya as a model for other devel¬ 
oping countries. 

The Chinese stoves, which bum 
wood, crop residues and coal, con¬ 
sist of a brick and mortar construc¬ 
tion with a chimney that fits in the 
central living area of a home. An 
insulating material, such as ash 
and mortar, is packed around the 
circular cast-iron opening, which 
holds a wok. 

Even the centralized Chinese gov¬ 
ernment recognized that a suc¬ 
cessful stove program could not 
be mandated from Beijing and 
must meet local people's needs. 
Besides conducting stove research, 
the government confined itself to | 
clearing away bureaucratic hur- | 
dies, giving local energy offices the ^ 
responsibility for technical training |j 
and setting standards for manu- s 
facturing production. Most impor¬ 
tant, people made their own deci¬ 
sions to buy the stoves: no direct 
subsidies were supplied to pur¬ 
chasers by the government. 

In contrast, a program in India, in 
which the government subsidized 50 
percent of the cost of the eight million 
stoves distributed, resulted in half the 
stoves lying unused. The government 
ignored important regional differences 
in cooking habits. Respondents to fol¬ 
low-up inquiries often complained that 
the stove did not realiy save energy or 
get rid of smoke. Fortunately, reforms 
by the government and the launching 
of new research programs during the 
past five years have begun to correct 
these problems. 

The lessons of improved stove pro¬ 
grams can serve as the basis for a more 
radical shift away from traditional 
cooking technologies—fuel use can be 
eliminated by harnessing the energy of 
the sun. The solar oven, an idea report¬ 
ed a century' ago in Scientific American t 
is essentially a greenhouse for cooking 
food. It consists of an insulated box 


made of wood, metal, plastic or card- 
board whose open top is covered with 
one or two plates of glass. 

Trapping Sunlight 

S olar oven designs are as varied as 
cookstoves, but a “box cooker,” as 
it is known, typically incorporates walls 
with a reflective coating, such as alu¬ 
minum sheet or foil, and a metal floor 
plate to absorb sunlight. The energy is 
then reradiated within the box as in¬ 
frared heat, which does not escape be¬ 
cause it is blocked by the glass. Pots on 
the bottom metal plate can heat several 
liters of water or food to more than 300 
degrees In under an hour. 

The ovens are mostly used for crock- 
pot-style cooking. They allow for slow 
simmering, baking and roasting in cov¬ 
ered pots. On a sunny day, rice, stews, 
chicken or bean dishes will be fully 
cooked in two to five hours. 


Solar-box ovens will never com¬ 
pete with the microwave oven in 
speed of preparation, and they 
must be supplemented with a 
wood cooks love for a rainy day. 
But they require no fuel except the 
sun's rays—and they emit no 
health-damaging smoke. By using 
the technology, some households 
in Africa, Latin America and else¬ 
where have reduced their cooking- 
fuel expenditures by 50 percent. 

As with the early stove pro¬ 
grams, acceptance rates are still 
modest: only 20 to 40 percent of 
the Kenyan families who adopted 
some 2,500 solar ovens early on 
continue to use them. The cost of 
the stoves—$20 to $40 apiece-re- 
mains too high for many house¬ 
holds. Yet the Jua Kali artisans 
who have mastered mass produc¬ 
tion of the ceramic Jiko might also 
be able to make large numbers of 
solar ovens, which could halve the 
price. The cost of the ceramic Jiko 
dropped markedly, from $12 to as 
Little as $2, once the stoves were 
mass-produced. In many places, 
a manufacturing base has begun to 
emerge that could bring costs down. 
Women's groups, artisans and several 
large-scale commercial industries in 
more ihan 100 countries are making 
solar ovens in a diverse range of styles. 
(Besides Kenya, China and India each 
have more than 100,000 in use.) 

Cookstove projects boast a record of 
accomplishment that may serve as a 
model for the development of an array 
of renewable-energy projects, such as 
wind-energy systems and photovoltaic 
electrical generators. The halting first 
steps of the appropriate technology 
movement are now being translated 
into solid research and a more prag¬ 
matic execution. These programs may 
become a realization of Schumacher's 
vision: for one out of every two people 
worldwide, modifications in their means 
of cooking offer enormous promise for 
improvements in health and economic 
well-being. 
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J. Robert Oppenheimer: 
Before the War 

Although Oppenheimer is now best remembered for his 
influence during World War II, he made many important 
contributions to theoretical physics in the 1930s 

by John S. Rigden 


F ifty 1 years ago this month, on July 
16, 1945, an unearthly blast of 
light seared the predawn sky over 
the desert in New Mexico. The witness¬ 
es of this event included many of this 
century’s most distinguished physi¬ 
cists. As they watched the boiling glare 
through their welding goggles, a sober 
reality bore into them: the nuclear age 
had begun* The chief witness—the per¬ 
son who had directed the atomic bomb 
project from its inception—was j. Rob¬ 
ert Oppenheimer. 

Oppenheimer was a rare individual. 
His intellectual acuity, diverse interests, 
frail physique and ethereal personality’ 
made him a man of legendary propor¬ 
tions. After World War II Oppenheimer 
became a public figure, known for lead¬ 
ing the physicists who built the atomic 
bomb at Los Alamos Laboratory. His 
success as the director of the Manhat¬ 
tan Project provided him with a base of 
influence, and, for a time, he enjoyed 
the authority and power that were his. 

Then, in June 1954, amid the anti- 
communism paranoia of McCarthyism, 
the U.S* Atomic Energy' Commission 
(alc) concluded that Oppenheimer had 
defects in his character and deemed 
him a national security risk. Albert Ein¬ 
stein and others at Lhe Institute for Ad¬ 
vanced Study in Princeton, N J., where 
Oppenheimer was then director, de¬ 
clared their support for him. In Octo¬ 
ber the trustees of the institute reelect¬ 
ed him to another term as director, a 
position he then held until a year be¬ 
fore Ms death in February 1967. Still, 
after the aec's actions, Oppenheimer’s 
slight frame became the depiction of a 
broken man* 

Few historians have written about the 
Oppenheimer who invigorated .Ameri¬ 
can theoretical physics a decade before 
the w T ar, wMch is unfortunate for two 
reasons. First, Oppenheimer became a 


physicist at the rarest of times, when 
the theories of quantum mechanics and 
nuclear physics were being formed, re¬ 
vising a great deal of traditional thought 
in the field. Second, although he is 
sometimes characterized as an under- 
acMever, Oppenheimer had in fact made 
many significant contributions to sever¬ 
al major areas of physical research be¬ 
fore taking Ms post at Los Alamos. 

Oppenheimer built the foundation 
for contemporary studies of molecular 
physics. He was the first to recognize 
quantum-mechanical tunneling, which 
is the basis of the scanning tunneling 
microscope, used to reveal the struc¬ 
ture of surfaces atom by atom. He fell 
just short of predicting the existence of 
the positron, the electron's antiparticle. 
He raised several crucial difficulties in 
the theory of quantum electrodynamics. 
He developed the theory' of cosmic-ray 
showers* .And long before neutron stars 
and black holes were part of our celes¬ 
tial landscape, Oppenheimer showed 
that massive stars can collapse under 
the influence of gravitational forces. 

To Physics from Chemistry 7 

L ike many physicists of his era, Op- 
i penheimer studied chemistry 7 first. 
“Compared to physics,” he said, “[chem¬ 
istry] starts right in the heari of things.” 
As a freshman at Harvard University he 
realized that 'Svhat 1 liked in chemistry' 
was very close to physics.” So that 
spring, he submitted a reading list to 
the physics department and was grant¬ 
ed graduate standing. He enrolled in 
many physics classes, but because Ms 
interests and eoursework were very' di¬ 
verse, he claimed later to have received 
only “a very quick, superficial, eager fa¬ 
miliarization with some parts of phys¬ 
ics.” He wrote: “.Although 1 liked to work, 
1 spread myself very thin and got by 


with murder; 1 got A’s in all these cours¬ 
es wMch I don't think I should have." 

Whether that was true or not, Oppen¬ 
heimer did gain valuable experience 
working in Percy W* Bridgman's labora¬ 
tory—a privilege granted to Mm by vir¬ 
tue of his advanced standing. In the 
1920s American physics was dominat¬ 
ed by experimentalists such as Bridg¬ 
man, who was among the first to inves¬ 
tigate the properties of matter under 
Mgh pressure and built much of the 
apparatus needed to do so. Thus, from 
his student experiences, Oppenheimer 
did not distinguish between experi¬ 
mental and theoretical physics, the lat¬ 
ter being largely a European activity. “1 
didn't know you could earn your living 
that way [as a theoretical physicist],” 
he once said, looking back on Ms un¬ 
dergraduate days* 

For tills reason, as Ms graduation in 
1925 grew near, he aspired to work un¬ 
der Ernest Rutherford, one of the great¬ 
est experimentalists of the century, at 
the Cavendish Laboratory' in Cambridge, 
England. Rutherford had conducted the 
first trials to reveal that atoms contained 
extremely small, heavy cores, or nuclei. 
He was, however, unimpressed with Op- 
penheimers credentials and rejected his 
application. Oppenheimer next wrote 
to Joseph John Thomson, another re¬ 
nowned experimentalist at lhe Caven¬ 
dish, Thomson accepted Oppenheimer 
as a research student and put him to 
work in a corner of the laboratory, de¬ 
positing thin films on a base of collodi¬ 
on. “I am having a pretty' bad time,” lie 
wrote to a Mgh school friend on No¬ 
vember 1, 1925. “The lab work is a ter¬ 
rible bore, and I am so bad at it that it 
is impossible to feel that I am learning 
anything.” 

The ensuing winter w 7 as a dark time 
for Oppenheimer, but with the coming 
of spring, new ? possibilities became ap- 
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parent. Rutherford, who took to Op¬ 
penheimer in person, introduced him to 
Mels Bohr when Bohr visited the Caven¬ 
dish; through Patrick M. S. Blackett, a 
physicist at the Cavendish, he met Paul 
Ehrenfest of the University of Leiden. He 
also became Mends with the influential 
Cambridge physicists Paul A. M. Dirac 
and Ralph H. Fowler. All these men 
were theoreticians and helped to broad¬ 
en Oppenheimer’s view of the field. 
Fowler was particularly perceptive. He 
advised Oppenheimer to learn Dirac’s 
new quantum-mechanical formalism 
and apply it to band spectra, a melding 
of old and new knowledge as yet un¬ 
tackled. 

Oppenheimer became absorbed in 
the problem and over the next few 
years developed the modern theory of 


all in Gottingen, formulating the theory 
of quantum mechanics. Bom, a distin¬ 
guished teacher, made Gottingen as 
good a place as any to learn the intrica¬ 
cies of the new theory. Oppenheimer 
learned fast. In December 1926, only 
four short months after he had applied 
to Gottingen, he sent an article, "On the 
Quantum Theory of Continuous Spec¬ 
tra," to the leading German physics 
journal Zeitschrift fur Physik. This pa¬ 
per was in fact an abridged version of 
what would be his dissertation. After 
receiving his doctorate from Gottingen 
in March 1927, he spent the next two 
years, one in the U.S. and one in Europe, 
as a National Research Council Fellow. 

During this period, Oppenheimer 
profited a great deal from his associa¬ 
tion with prominent European physicists 


turn mechanics and for Oppenheimer 
in 1927. His first major contribution 
was finding a way to simplify the anal¬ 
ysis of molecular spectra. By interpret¬ 
ing spectra, physicists determine the 
structure and properties of molecules. 
But an exact quantum-mechanical de¬ 
scription of even a simple molecule is 
complicated by the fact that the elec¬ 
trons and nuclei of the atoms making 
up that molecule all interact with one 
another. 

Oppenheimer recognized that be¬ 
cause of the great disparity between the 
nuclear and electronic masses, these 
interactions could be largely ignored. 
The massive nuclei respond so slowly 
to mutual interactions that the elec¬ 
trons complete several cycles of their 
motion as the nuclei complete a small 




The Shaping of a Scientist 


1925-1927 


PERCY BRIDGMAN [left) asked Oppenheimer as an undergraduate to 
work In his laboratory at Harvard University. Bridgman was a pioneer in 
high-pressure physics during the 1920s and. in faot r built much of the 
equipment needed to carry out his studies. His hands-on approach 
most likely influenced Oppenheimer's decision to pursue a career 
in experimental physics after graduating in 1925. 
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CAVENDISH LABORATORY in Cambridge, England 
(right), was home to Oppenheimer for a year after he left 
Harvard. There he had hoped to work in Ernest 
Rutherford's laboratory (left), but Rutherford, one of the 
great experimentalists of the century, was unimpressed 
with Oppenheimer. Instead Oppenheimer assisted 
another renowned physicist at the Cavendish, Joseph 
John Thomson (above). 




continuous spectra* This work not only 
led to his first paper, it also marked 
the beginning of his career as a theo¬ 
retical physicist. When Max Born visit¬ 
ed the Cavendish in the summer of 
1926 and suggested that Oppenheimer 
pursue graduate studies at the Univer¬ 
sity of Gottingen, a center for theoretical 
physics, Oppenheimer readily accepted 
the plan. "I felt completely relieved of 
the responsibility to go back into the 
laboratory,” he said to the philosopher 
Thomas S, Kuhn in a 1963 interview. 

It was at Gottingen that Qppcnheim- 
er first became aware of the problems 
perplexing European physicists. “The 
science is much better [here]," he wrote 
to his friend Francis Furgusson in No¬ 
vember 1926. At that time. Bom, Warn¬ 
er Heisenberg and Pascual Jordan were 


of the day. “They gave me some sense 
and...some taste in physics," he told 
Kuhn. Still, the theoretical problems he 
investigated were primarily of his own 
choosing. Later, in the 1930s, perhaps 
because of his own laboratory' experi¬ 
ence, Oppenheimer worked closely 
with experimentalists, many of whom 
acknowledged that he understood their 
data better lhan they did. 

Atoms and Molecules 

T he atom, once found to emit dis¬ 
crete spectra during transitions be¬ 
tween energy states, gave the first indi¬ 
cation that the physics of preceding 
centuries was inadequate. Thus, atoms 
and molecules provided a natural test¬ 
ing ground for the new theory of quan- 


fraction of their own. While on a vaca¬ 
tion, Oppenheimer wrote up a short 
paper on the topic and sent it to Bom. 
Born was aghast at the brevity of Op- 
penheimeris draft and churned out a 
30-page paper, showing in detail that 
the vibration and rotation of the nuclei 
could he treated separately from the 
motion of the electrons. Today the Bom- 
Qppenheimcr approximation is the start¬ 
ing point for physicists and chemists 
engaged in molecular analysis. Later on, 
Oppenheimer determined the probabil¬ 
ity that one atom captures the electron 
of another atom. In keeping with the 
Born-Oppenheimer approximation, he 
showed that the probability is indepen¬ 
dent of the internuclear potential be¬ 
tween the two atoms. 

Oppenheimer in fact discovered an- 
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other quantum-mechanical behavior, 
called tunneling, in 1928. Tunneling oc¬ 
curs under many theoretical conditions* 
An electron, for example, can escape 
from confines that normally sequester 
it if it behaves like an infinitesimal bil¬ 
liard ball. The time-honored example 
of tunneling is that which takes place 
when a nucleus expels an alpha parti¬ 
cle during radioactive decay* Inside a 
uranium nucleus, both nuclear and 
electrostatic forces will restrict the mo¬ 
tion of an alpha particle* Classically, it 
has no way to leave the nucleus. Quan- 
tum-mechanically, though, the alpha 
particle can tunnel through the sur¬ 
rounding barrier and slip away* 

During the summer of 1928 physi¬ 
cists George Gamow and, independent¬ 
ly, Edward U* Condon and Ronald W. 


IBM Zurich Research Laboratory devel¬ 
oped the scanning tunneling micro¬ 
scope based on this principle in 1982, 
54 years after Oppenheimer had dis¬ 
covered it [see “The Scanning Tunnel¬ 
ing Microscope,” by Gerd Binnig and 
Heinrich Rohrer; Scientific American, 
August 1985]. 

Particles and Fields 

O ppenheimer spent his final months 
in Europe, from January to June 
1929, with Wolfgang Pauli at the Swiss 
Federal Institute of Technology in Zu¬ 
rich* After this apprenticeship, Oppen¬ 
heimer's interests turned away from 
applications of quantum mechanics to 
more basic questions of physics. The 
timing for such a shift was perfect. 


the editor of the Proceedings of the Roy¬ 
al Society received a manuscript from 
Dirac entitled “The Quantum Theory of 
the Electron.” This paper, along with a 
second part published a month later, 
was probably Dirac’s most significant 
accomplishment. The relativistic wave 
equation he devised to describe the 
electron thrilled physicists in that it 
yielded the particle's spin and correct 
magnetic moment. Yet this paper also 
raised vexing issues. Heisenberg wrote 
to Pauli in July 1928 that the “saddest 
chapter of modem physics is and re¬ 
mains the Dirac theory.” The principal 
problem with Dirac's wave equation 
was that it gave solutions correspond¬ 
ing both to 
positive en¬ 
ergy states 


OPPENHEIMER is shown here in 1928, one year after receiving 
hrs Ph D, from the University of Gottingen, where Max Born. 
Werner Heisenberg and PascuaJ Jordan were formulating the 
theory of quantum mechanics. That same year Oppenheimer 
discovered quantum-mechanical tunneling by demonstrating 
that a weak electric field could dislodge electrons from a 
metal's surface. In doing so, he described the principle on 
which the scanning tunneling microscope {right) is based—54 
years before its invention. 

BHMHHMI 


1928-1930 


* 






4 i- 


ca y 


o £ 


T S 


PAUL A. M. DIRAC {left) devised a relativistic wave 
equation to describe the electron in 1928. His 
work, though accurate in many ways, raised 
several vexing issues. Oppenheimer made 
insightful criticisms of Dirac's theory and, in 
constructing his arguments, fell just short of 
predicting the existence of the positron. 


Gurney first explained radioactive dis¬ 
integration by means of tunneling* 
Textbook writers of today acknowledge 
this fact, but they also imply that these 
scientists actually discovered the phe¬ 
nomenon, which is not true. Several 
months earlier, in March, Oppenheimer 
had submitted a paper to the froceed- 
ings of the National Academy of Scienc¬ 
es that considered the effect an electric 
field has on an atom. Classically, an 
atom can be dissociated only by an in¬ 
tense electric field In the quantum view, 
however, a weak field can separate an 
electron from its parent atom because 
the electron can tunnel through the bar¬ 
rier that hinds it* Oppenheimer showed 
that a w + eak electric field could dislodge 
electrons from the surface of a metal. 
Gerd Binnig and Heinrich Rohrer of the 


That spring he received offers from the 
California Institute of Technology and 
the University of California at Berkeley; 
in both places, physical research was 
aimed at the forefront of basic ques¬ 
tions. Robert A. Millikan, who coined 
the term “cosmic rays" in 1925, was at 
Caltech, and Ernest O. Lawrence, who 
invented the cyclotron in 1930, was in¬ 
vestigating nuclear physics at Berkeley. 
Oppenheimer accepted both positions, 
typically spending the fall term at 
Berkeley and the spring semester at 
Caltech. At both schools he attracted 
outstanding students who helped to 
bring American physics into the ranks 
of the worlds best. 

One of the most heated controversies 
of the early 1930s was over a theory' 
proposed by Dirac. On January 2,1928, 


and to an infinite number of negative 
energy states. In such a situation, quan¬ 
tum mechanics predicts that electrons 
can jump into these negative energy 7 
states, and so all electrons could end 
up there. Accordingly, ordinary 7 elec¬ 
trons should not exist* 

To avoid this difficulty, Dirac imag¬ 
ined that these negative energy 7 states 
were occupied by an infinite number of 
electrons. If a few of these states were 
unoccupied, however, they would ap¬ 
pear as positive holes in the negative 
sea of charge. In March 1930 Dirac pub¬ 
lished a paper asserting that these pos¬ 
itive holes were protons. But Gppen- 
heimer, who read Dirac’s paper before 
publication, argued in a letter to Physi¬ 
cal Review ; printed the same month, 
that they were not. He pointed out that 
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1931-1933 


ROBERT A, MILLIKAN is shown below in 1932 
with a self-recording electroscope he built in the 
basement of his home to detect cosmic rays. 
Millikan, who coined the term "cosmic ray" In 
1925. was one of Oppenheimer's colleagues at 
the California Institute of 
Technology. It was during a 
cosmic radiation experiment at 
Caltech in 1932 that Cart 
Anderson discovered the 
positron, He is pictured with 
Millikan and an image of the 
te If tale tracks {right). 


ERNEST 0. LAWRENCE, seen 
standing with Oppenheimer 
{right), invented the cyclotron 
at the University of California al 
Berkeley in 1930 There both 
men studied nuclear physics. 


if the positive holes in Dirac’s theory 
were protons, then electrons and pro¬ 
tons would annihilate one another, 
meaning that ordinary matter would 
have a lifetime of approximately 1G" 10 
second. He further made note that the 
positive particles posited by Dirac's the¬ 
ory needed to have the same mass as 
an electron* In fact, these positive holes 
were positrons, the electron’s anriparti- 
cle, but in 1930 this particle was un¬ 
known and unanticipated. In contest- 


In 1931 Oppenheimer attempted to 
find an equation for the photon that 
would he an analogue to Dirac's equa¬ 
tion for the electron. He failed in this 
effort but in the process demonstrated 
the basic difference between particles 
of haLf-integral and integral spins, which 
later constituted the basis for Pauli’s 


mg Dirac, though Oppenheimer fell just 
short of predicting its existence. 

Even after the Caltech physicist Carl 
Anderson's discovery of the positron in 
1932, positron theory resulting from 
Dirac's work was plagued with prob¬ 
lems* Oppenheimer and other physi¬ 
cists working on quantum electrody¬ 
namics (QED) had many doubts about 
the basic theory. In 1930, for example, 
Oppenheimer showed that when the 
QED theory published that same year 
by Heisenberg and Pauli was applied to 
the interactions between electrons, pro¬ 
tons and an electromagnetic field, the 
displacement of spectral lines was in¬ 
finite. Oppenheimer's skepticism about 
QED was kept alive throughout the 
1930s by anomalies in his cosmic-ray 
work caused by the muon and other 
high-energy particles unknown at die 
time. Had Oppenheimer had an experi¬ 
mental result on the hydrogen atom 
obtained by his student Willis E. Lamb 
only after the war, it is conceivable that 
he would have resolved the troubling 
problem of infinities. 


formal proof of the connection between 
spin and statistics. 

Creation and Destruction of Matter 

A ccording to quantum mechanics, 
jl \ both the annihilation and the cre¬ 
ation of matter—subject to the conser¬ 
vation laws of energy and momentum- 
are possible. A gamma ray, for example, 
can give rise to an electron and a posi¬ 
tron in a process called pair produc¬ 
tion. Oddly, Oppenheimer did not orig¬ 
inate the idea of pair production, but 
along with his student Milton S. Plesset, 
he did provide the first correct descrip¬ 
tion of it in 1933* Working with his 
postdoctoral student Wendell H. Furry 
a year later, Oppenheimer developed 
electron-positron theory 1 essentially in 
its modern form. They showed that the 
observed charge of the electron is not 
the true charge and, m doing so, antici¬ 
pated the phenomenon called charge 
renormalization, which helped to ex¬ 
plain some of the earlier difficulties 
surrounding infinities in QED. 


In the 1930s most of the high-energy 
physics experimentation was happen¬ 
ing in the earth's atmosphere. There 
energetic particles (in the biliion-elec- 
tron-volt range) having cosmic origins 
bombarded atmospheric atoms. It was 
during a cloud-chamber study of such 
cosmic radiation in 1932 dial Ander¬ 
son first discovered the positron* If a 
metal plate of, say, lead is placed in a 
cloud chamber, a single cosmic-ray 
track incident on the plate from above 



the surface can give rise to a number of 
tracks emanating from a point on the 
plate’s lower surface. Oppenheimer and 
his student J. Franklin Carlson showed 
that these cosmic-ray "showers," com¬ 
monly consisting of photons, electrons 
and positrons, are produced by a cas¬ 
cade of electron-positron pair produc¬ 
tions. The thickness of the lead plate 
can, of course, be varied. If the primary 
cosmic ray was either a photon or an 
electron, Oppenheimer and Carlson 
noted that a lead plate 20 centimeters 
thick absorbed all the resulting radia¬ 
tion for the energy ranges experimen¬ 
tally observed. 

Additional data revealed, however, 
that penetration exceeded depths that 
could be attributed to either photons 
or electrons. They concluded that "there 
is another cosmic-ray component." A 
few months later groups at Caltech and 
at Harvard simultaneously discovered 
a new particle. Oppenheimer and his 
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Berkeley colleague Robert Serber imme¬ 
diately equated this particle with one 
the Japanese physicist Hideki Yukawa 
had predicted to explain nuclear forces. 
The newly discovered particle in fact 
turned out to be the muon. The pion— 
Yukawa's prediction—came later. 

Away from Caltech at Berkeley, Op- 
pcuheimcr's research revolved around 
the accelerator. When James Chadwick 
discovered the neutron in 1932, the 
proton-electron theory of the nucleus 
was abandoned, and the modem pro¬ 
ton-neutron model took its place. Dur¬ 
ing the spring of 1933 Lawrence first 
began accelerating deuterons, consist¬ 
ing of a single neutron and proton, and 
using them to bombard heavy nuclei, 
Deuterons, he found, disintegrated nu¬ 
clei more effectively than did protons, 
in no time at all, Lawrence and his co¬ 
workers observed alpha particles com¬ 
ing out of target nuclei. 

Then they came on a puzzling result: 
when high-energy deuterons hit any 
nucleus whatsoever, the target would 
give off protons within a narrow ener¬ 
gy range. In fact, deuterons contaminat¬ 
ing Lawrence's apparatus accounted for 
the mystery: the protons he witnessed 
all resulted from deuterium fusion. But 
before this explanation emerged, the 
observation stimulated questions about 
deuterium-induced reactions. At Berke¬ 
ley, Oppenheimer and his student Mel¬ 
ba N. Phillips showed that when a deu- 
teron collides with a heavy nucleus, that 
nucleus can capture the neutron in the 
deuteron, liberating the proton. The the¬ 
ory Oppenheimer and Phillips formulat¬ 
ed for this reaction, now named after 
them, accounted exactly for Lawrence's 
strange results. 

Neutron Stars and Black Holes 

N ow accepted as end points in stel¬ 
lar evolution, neutron stars and 
black holes were both postulated on 
theoretical grounds during the 1930s, 
Oppenheimer and two of his students, 
George M. Volkoff and Hartland S, Sny¬ 


der, were in the vanguard of this devel¬ 
opment. Oppenheimer and Volkoff to¬ 
gether became interested in another 
worker's suggestion that once a suffi¬ 
ciently massive star had exhausted its 
source of thermonuclear energy, a neu¬ 
tron core could be formed. To test 
whether this scenario was possible, Op¬ 
penheimer and Volkoff set out to estab¬ 
lish the difference between a gravita¬ 
tional treatment of the process, based 
on Newton's theory, and one consistent 
with Einstein's general relativity. 

The Oppenheimer-Volkoff equation, 
which gives the pressure gradient with¬ 
in the star, revealed that the pressure 
increased more rapidly moving deeper 
into the stellar core than would be ex¬ 
pected from a Newton-based calcula¬ 
tion. Thus, the Oppenheimer-Volkoff 
theory, based on general relativity, pre¬ 
dicted stronger, and more accurate, 
gravitational forces than did Newtoni¬ 
an theory. Oppenheimer and Volkoff 
also performed the first detailed calcu¬ 
lations establishing the structure of a 
neutron star, thereby laying the 
foundation for the general rela¬ 
tivistic theory of stellar struc¬ 
ture. Just before Oppenheimer 
and Volkoff published a paper 
on this work in 1939, Op¬ 
penheimer sent a letter to 
George E. Uhlenbeck, a the¬ 
oretical physicist at the Uni¬ 
versity of Michigan, who, 
with his colleague Samuel 
A. Goudsmit, discovered the 
electron's spin. He wrote, 

41 We have been...working 
on static and nonstatic so¬ 
lutions for very heavy mass¬ 
es...old stars perhaps which 
collapse to neutron cores. The 
results have been very odd...” 

The results in fact became 
even stranger. Later that year 
Oppenheimer and Snyder pub¬ 
lished a classic paper entitled 
"On Continued Gravitational 
Contraction.” They noted 
that when a massive star has 


exhausted its internal source of nuclear 
energy, its ultimate fate is determined 
by how much mass it can shed, either 
through radiative expulsion or by rapid 
rotation and flying apart. After all av¬ 
enues for ejecting mass have been tra¬ 
versed, the core that remains is bound 
together by the gravitational force. If 
there is no thermonuclear energy to act 
as an equilibrating counterforce, the 
core will continue to collapse. 

As this collapse takes place, the light 
radiating from the core becomes in¬ 
creasingly redshifted, meaning its wave¬ 
length lengthens; further, the path 
along which this light can escape into 
space becomes increasingly narrow 7 un¬ 
til the path closes on itself, leaving be¬ 
hind a source of gravitational attraction 
shut off from external observation. In 
constructing this description, Qppen- 
heimer and Snyder provided the first 
calculation revealing how a black hole 
can form. In May 1994 compelling evi¬ 
dence was observed through the eye of 
the Hubble Space Telescope for the 
presence of a massive black hole in 
the center of the galaxy M87 t the 
biggest and brightest in the Virgo 
duster. 

Oppenheimer's contribution 
to physics throughout the cen¬ 
tury was broad, deep and 
lasting. The Born-Qppen- 
heimer approximation, the 
penetration of electrons 
through potential barriers, 
the theory' of cosmic-ray showers, 
neutron stars and black holes 
are all a vital part of contempo¬ 
rary physics. 

Pulsars, now recognized as 
spinning neutron stars, were 
first seen in 1967, the year Op¬ 
penheimer died of cancer in 
Princeton, Had he lived longer, 
Oppenheimer might have enjoyed 
the re cognition t hi s discovery 
brought to his prewar physics, 
something that had been over¬ 
shadowed by his wartime work 
and postwar fame. 
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Trends in Materials Science 


Plastics Get Wired 


By tailoring the electrical properties 
of conducting poh mers, researchers hope 
to render electronics a bit more organic 

by Philip Yam, stuff writer 




PLIABLE LIGHT shines from a polymer in this 
alphanumeric display made by UNIAX Corpo¬ 
ration in Santa Barbara , Calif Organic light- 
emitting diodes, or LEDs , should find applica¬ 
tions soon and may form the basis of future 
lightweight screens. 





CHARLES O'REAR 


1 ike many technological advances, the innovations in the 
field of conducting polymers began by accident. While 
J attempting to make an organic polymer called poly¬ 
acetylene in the early 1970s, Hideki Shirakawa of the Tokyo 
Institute of Technology mistakenly added 1,000 times more 
catalyst than the recipe called for. What he produced was a 
lustrous, silvery film that resembled aluminum foil but 
stretched like Saran Wrap—something that sounds more like 
a new and improved way to keep leftovers fresh than a po¬ 
tential breakthrough in materials science. 

The substance appeared so unusual that when Alan G. 
MacDiarmid spied it, he wondered if it would be a candidate 
for his goal of making “synthetic metals"—nonmetallic sub¬ 
stances that could transmit electricity. In 
1977 Shirakawa joined MacDiarmid and 
Alan J. Heeger in Lheir laboratory at the Uni¬ 
versity of Pennsylvania to investigate this 
form of polyacetylene. After mixing in some 
iodine, the group found that the material's 
conductivity subsequently jumped by a fac¬ 
tor of several million. 

Durable, cheap, manufacturable and flexi¬ 
ble, conducting polymers inspired visions 
of a future of transparent circuits, artificial 
muscle and electronic displays that conve¬ 
niently roll up under the arm. Researchers 
have auditioned various demonstration de¬ 
vices, including components that could be 
useful for new displays, such as plastic tran¬ 
sistors and light-emitting diodes (LEDs), Although such a fu¬ 
ture is about as dreamy as it gets, many investigators see 
broad marketing opportunities possible now—in antistatic 
coatings, electromagnetic shielding, lights for toys and mi¬ 
crowave ovens, among others. Perhaps mundane, such ap¬ 
plications are nonetheless promising enough that universi¬ 
ties are collaborating with corporations, and scientists have 
initiated start-ups. 

Although the pace of technological innovation has been 
impressively brisk, whether the materials will make an im¬ 
pact on commerce remains unclear. Firms are unlikely to in¬ 
vest in new equipment if the devices perform only marginal¬ 
ly better than existing instruments. Polymer-based batteries, 
for instance, have a longer shelf life than do conventional 
ones, but they have penetrated the market only in a limited 
way. Flat-panel displays and LEDs made of organic substanc¬ 
es face entrenched competition from existing inorganic liq¬ 
uid crystals and semiconductors. 

Still, optimism pervades the field. Because plastic and elec¬ 
trical devices have become integral parts of the modern 
world, researchers are confident that at least some profitable 
uses will emerge. Conducting polymers constitute a radical¬ 
ly novel market area, points out Ray H. Baughman of Allied- 
Signal in Morristown, M J., who predicts confidently, “For¬ 
tunes are going to be made." 

Polymers, the constituents of familiar plastic materials and 
synthetic fibers, are large organic molecules built out of small¬ 
er ones linked together in a long chain. Generally, they are 
insulators, because their molecules have no free electrons for 
carrying current. To make these substances conductive, work¬ 
ers exploit a technique familiar to the semiconducting indus¬ 
try: doping, or adding atoms with interesting electronic prop¬ 
erties. The added atoms either give up some of their spare 
electrons to the polymer bonds ot grab some electrons from 
the bonds (and thereby contribute positive charges called 
holes). In either case, the chain becomes electrically unsta¬ 
ble. Applying a voltage can then send electrons scampering 
over the length of die polymer. 

Since the Pennsylvania group's work, several kinds of poly¬ 


mers have been found to conduct electricity when doped. Be¬ 
sides polyacetylene, there arc polypyrrole, polythiophene and 
polyaniiine, to name just a few of die most commonly stud¬ 
ied. Although investigators do not understand the precise 
physical mechanisms that enable polymers to conduct, the 
purity and particularly the arrangement of polymer chains 
seem to be crucial. By stretching polyacetylene, for instance, 
workers now routinely make the material conduct 50,000 am¬ 
peres per volt per centimeter, up from 60 in the first re¬ 
ports. Some workers even managed to make polyacetylene 
conduct about one quarter as well as copper. 

Such developments are “extremely important for the 
whole conducting field,” MacDiarmid says. “They exemplify 
how dedicated improvement in chemical 
and molecular structure can lead to enor¬ 
mous advances in the physical and electri¬ 
cal properties.” Moreover, the degree of con¬ 
ductivity is readily adjusted. “You can con¬ 
trol the quality of the metallic state by 
controlling the structural order of the poly¬ 
mer," notes Arthur J. Epstein of Ohio Stare 
University. 

Although other polymers are more con¬ 
ductive, polyaniline is emerging as the ma¬ 
terial of choice for many applications. As 
one of the oldest of synthetic organic poly¬ 
mers, its properties are well known. The 
substance—which resembles the plastic used 
in 35-millimeter photographic film—is easi¬ 
ly made, it is stable in air and its electronic properties are 
readily customized. Most important, polyaniline is cheap— 
the most inexpensive conducting polymer around. It can 
also assume diverse incarnations, including thin films and 
patterned surfaces. 

Polyaniiine, which conducts up to about 500 amperes per 
volt per centimeter, will not replace copper wiring, however. 
“We won’t be as good as copper; we won’t be as cheap as cop¬ 
per," admits Andy Monkman of the University of Durham in 
England. Copper conducts 100,000 times as much current 
and costs half as much. Still, polyaniline's electrical perfor¬ 
mance is more than adequate for some applications, he in¬ 
sists: “The kinds of things we are going to replace are those 
that are complicated to manufacture, like braids on cable." 
Braids Impart flexibility, permitting coaxial cable to wind 
around your living-room end table, for example, to reach the 
cable television box. But weaving copper wire into braids is a 
slow, laborious task, Monkman explains. If workers could 
extrude polymer braids and lay the insulation over the cable 
in a single step, the speed of the manufacturing would rise 
10-fold, and the cost would plummet. The University of Dur¬ 
ham has a three-year make-or-break deal with a cable com¬ 
pany. “There will be a product, or there will never be a prod¬ 
uct,” he says ruefully. 

That Annoying Static Cling 

A lthough conducting organics could find uses in virtually 
l anything that relies on electricity, solid-state electronics 
probably offers the greatest number of opportunities. At the 
moment, observes Marie Angclopoulos of the IBM Thomas J. 
Watson Research Center, “the largest market is electrostatic 
dissipation." Such charges are well known to wreak havoc on 
digital devices: estimates of electrostatic damage to electron¬ 
ic equipment alone exceed $15 billion in the U.S., she notes. 

Contemporary' protective packaging, which relies on ionic 
salts or resins filled with metals or carbon, has some short¬ 
comings. The conductivities of ionic materials tend to be low 
and unstable; metal is expensive and heavy; and carbon pos- 


Mam 


investiga 

tors 

see bro 

ad 

marketi 

'"g 

opportim 

now 

'fries 


Scmminc American July 1995 75 






Solder 

Water-sol ubte polyaniline 
may replace toxic, lead- 
based solder now used rf Us 
conductivity can be boosted 
by four orders of magnitude. 


Conducting 
Plastics at Work 

Some devices that might rely on 
electrically conducting organic 
materials in the near future 


Coaxial cable 

Polyaniline could 
replace copper in 
braided parts of the 
cable. Appropriate 
manufacturing 
techniques are now 
being sought. 


es a contamination hazard because bits 
of it can slough off during shipment. 
Polymers should be easier to handle 
and be able to dissipate electrostatic 
charges more efficiently. As a bonus, 
poly aniline coatings also happen to be 
highly transparent. Angelopoulos hopes 
to see IBM’s polyaniline solution, named 
PanAquas, marketed before the end of 
the year. 

The dissipative abilities of polymers 
also make them ideal for electromag¬ 
netic shielding. Such protection is nec¬ 
essary to keep electrical signals among 
components from overlapping—the rea¬ 
son airlines request that portable elec¬ 
tronics be turned off during takeoff 
and landing. {The shielding would not 
benefit those concerned about the po¬ 
tential health effects of power lines, be¬ 
cause the frequencies of the fields are 
much lower than these screens can 
block.) Incorporated into the plastic 
cases of electronic equipment, the poly¬ 
mers can guard against spurious signals, 
Epstein remarks. Conventional screen¬ 
ing materials rely on impregnated bits 
of carbon or metal, which could harm 
the mechanical properties of the base 
material at any points that bend. Al¬ 
though proposals relying on polymers 
are still more costly than present solu¬ 
tions, conducting polymers could be 
adulterated with other substances, such 
as nylon, to reduce the expense. 

Polymers could also be environmen¬ 
tally correct. IBM’s PanAquas is soluble 
in water (ordinarily, the polymer must 


be processed with organic solvents). If 
.Angelopoulos and her colleagues could 
increase the conductivity of the water- 
soluble polyaniline, the material could 
replace the lead-based solder used to 
connect electronics parts on a substrate. 
MacDiarmid explains that outdated 
equipment poses an environmental 
hazard and an economic nuisance: “In 
many parts of Europe the manufactur¬ 
er must remove all lead-containing ma¬ 
terial from discarded printed circuit 
boards, which is one heU of a job." 

The All-Plastic Transistor 

r P he ultimate achievement in electron- 
JL ics application, however, would be a 
component fabricated out of polymers. 
Using ordinary circuit-printing tech¬ 
niques, Frauds Gamier of the CMRS Mo¬ 
lecular Materials Laboratory' in Thiais, 
France, did just that, creating the first 
all-polymer circuit element: a transistor. 
Constructed around a short-chain mol¬ 
ecule called sexithiophene, the LhinTilm 
field-effect transistor was fully flexible. 
Twisting, rolling and bending (even at 
right angles) had no effect on the elec¬ 
trical characteristics of the device. 

.Although widely regarded as an im¬ 
pressive bit of engineering, Garnier's 
organic transistor would not stand a 
chance against silicon. Computers made 
from the plastic would operate at less 
than one thousandth the speed of ex¬ 
isting ones crafted of crystalline silicon, 
which permits electrons to move faster. 


Flexible display 

The ultimate goal of organic display technology, 
such screens would combine the flexibility conductivity 
and light-emitting ability of the materials. Competition 
from liquid-crystal displays and market resistance may 
make them unlikely. 


Smart 

windows 


A 


Flexible and 
transparent, these 
components could 
drive existing 
active-matrix 
displays or 
all-plastic displays. 
Demonstration 
transistors have 
been made. 


These windows 
would change 
transparency 
and color 
automatically. 
Some luxury 
model 

automobiles use 
such material 
for mirrors. 


Sales of rechargeable button 
cells have thus Tar been weak, 
but other forms of energy 
storage, such as capacitors, 
are being sought. 


Electromagnetic 

shielding 

Incorporated into 
computer cases, 
conducting polymers 
can block out 
electromagnetic 
interference in the 
megahertz range. 


Th in-film 
transistors 
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Antistatic 

materials 

Polymers that 
dissipate 
electrostatic 
charge may be 
used in flooring, 
mouse pads 
and computer- 
chip packaging. 


Light-emitting 

diodes 

Organic LEDs can 
glow in all colors, 
even white. Such 
lights will be 
imminently available 
for appliance panels, 
watches and toys; 


r 


But there is an application that does 
not need fast electronics: video displays. 
Currently amorphous silicon (that is, 
silicon in its noncrystalline form) is 
used in such circuitry because it is 
much less expensive to process than 
crystals are and can be laid on differ¬ 
ent substrates, such as glass, Gamier’s 
transistor runs at just about the speed 
of circuits made from amorphous sili¬ 
con, and he feels the requisite video¬ 
rate performance is easily within reach. 

An organic semiconducting transis¬ 
tor would be a boon to manufacturers 
of liquid-crystal displays (LCDs), the 
approach that dominates research into 
flat-panel technology. Existing screens 
seal liquid crystals, made from various 
kinds of organic substances, between 
two glass plates; a fluorescent tube illu¬ 
minates the crystals from behind. In 
so-called passive displays, the pixels 
(cells containing the liquid crystals) are 
controlled by voltages applied along all 
the row r s and columns. In active-matrix 
displays, which offer greater contrast 
and resolution, each pixel is individual¬ 
ly controlled by a thin-film transistor. 

Therein lies the cost. A 20-inch, full- 
color active-matrix display contains 
more than two million pixels. Unfortu¬ 
nately, a few malfunctioning ones are 
sufficiently distracting to the sensitive 
human eye to ruin the image. "The per¬ 
centage of flat panels rejected is very 
high/' Gamier states. That failure rate 
drives up the price of the displays that 
make it to market. 


Organic circuits might ease the strain 
on corporate wallets because they 
should be easier to make, especially in 
large sizes. The circuitry can be fabri¬ 
cated at lower temperatures and is less 
sensitive to the presence of impurities 
during processing, which should lower 
production costs. Moreover, organics 
could make it possible to create entirely 
new types of displays. Manufacturers 
should be able to tune the properties 
of the polymers, controlling their flexi¬ 
bility and even their transparency'. See- 
through electronics would permit a di¬ 
rect-view, heads-up display on wind¬ 
shields and helmets, obviating the need 
to reflect images onto a viewing glass, 
as is now done. 

Shines in the Dark 

C onducting organics could also be 
used as the light sources in dis¬ 
plays, not just in the controlling circuit¬ 
ry. Indeed, lightweight, robust displays 
have been one of the most widely pub¬ 
licized, pie-in-the-sky applications. But 
as a first step researchers are aiming for 
a more modest, albeit lucrative, use— 
light-emitting diodes. These little glow¬ 
ing indicators decorate innumerable 
electronic gizmos and are worth $400 
million in the U.S., according to the 
1994 figures of the Electronic Indus¬ 
tries Association in Arlington, Va. 

At present, LEDs are constructed from 
an inorganic semiconducting material, 
often gallium arsenide. Two layers, each 


Biological 
sensors 

Conductivity of 
polymer tags 
change depending 
on exposure time 
above a threshold 
temperature and 
would be remotely 
read by a scanner. 
Sensors for aromas 
enzymes and 
pesticides are now 
being used for 
quality control and 
safety analysis. 


Camouflage 

coatings 

The U,S. military is 
considering coatings 
and fabrics that are 
blended with 
conducting polymers 
to spoof radar. 
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Artificial 
muscle 

Simple tweezers, 
made from strips 
of polymers with 
different 
conductivities, 
have been made; 
proposals call for 
muscle to consist 
of many strips 
working together. 


















doped to have different electrical char¬ 
acteristics, are interconnected and act as 
positive and negative electrodes. When 
electricity passes through the materials, 
one electrode gives off electrons, the 
other, positively charged holes (spaces 
that electrons would normally occupy). 
The negative and positive charges meet 
at the junction of the substances, where 
they combine and give off light. The 
color of the light depends on the prop¬ 
erties of the semiconductor and dop¬ 
ant; those producing red and green 
light are the easiest to make. 

Organic LEDs promise to make the 
manufacture of these lights much cheap¬ 
er, mostly by reducing the number of 
contacts and interconnections. Conven¬ 
tional LEDs must be spliced together to 
be used in displays on such devices as 
microwave ovens, alarm docks and 
videocassette recorders. Each LED can¬ 
not be crafted larger than the gallium 
arsenide crystal wafers can be grown, 
and modern technology limits the size 
to no more than about six inches, mea¬ 
sured diagonally. To make a large dis¬ 
play, then, LEDs must be individually 
mounted and wired—a difficult task 
considering that one reasonably sized 
letter in a typical display takes 35 LEDs. 
In contrast, organic films can be laid 
over practically unlimited extents. In 
addition, the starting materials for or¬ 
ganics are more economical than those 
for conventional LEDs. 

Ching W. Tang and his colleagues at 
Eastman Kodak are by far leading the 
way in bringing organic-based LEDs to 
market. (The rather undescriptive term 
for the approach they have adopted— 
“small molecule'—distinguishes it from 
work using much longer polymers.) In 
1987 Tang reported that a small crys¬ 
talline organic molecule of 8-hydroxy- 
quinotine aluminum (Alq) would give 
off green and orange light. Since then, 
workers found they could elicit all col¬ 



ors from the spectrum by varying the 
thin-film organic layer. Moreover, the 
organic LEDs can, in lumens per watt, 
bum as efficiently as a household bulb 
and can last 10 times longer-more 
than 10,000 hours. 

“The efficiency is extremely attrac¬ 
tive. With [components that have] a 
10,000-hour lifetime," Tang says, “you 
can seriously consider display applica¬ 
tions, particularly in portable devices." 
At the moment, small-molecule LEDs 
are not ready to replace liquid-crystal 
displays in flat screens—their perfor¬ 
mance is still too poor. Yet it is ade¬ 
quate for dot-matrix displays in elec¬ 
tronic organizers and microwave oven 
panels, for instance, and that will do 
for now. Tang expects small-molecule 
LEDs to pop up in such applications in 
the next year. 

High-end displays are not completely 
out of reach. Plastic light emitters may 
serve as backlights for liquid-crystal dis¬ 
plays. This past March, Juiyi Kido and 
his co-workers at Yamagata University 
built a polymer diode that combined 
three different organic layers (each one 
emitting red, green or blue light) to 
yield a white radiance. Still* the diode 
glowed at most with only about one 
quarter the intensity of a standard room 
fluorescent lamp and had an efficiency 
of only about 0.5 lumen per watt, com¬ 
pared with the 15 to 20 lumens per 
watt of typical backlights. 

One solution for increasing the bright¬ 
ness and efficiency may be an alterna¬ 
tive architecture. Last year Ananth Do 
dabaiapur and his Bell laboratories col¬ 
leagues constructed electroluminescent 
devices by sandwiching layers of Alq 
and inert material between two reflect¬ 
ing surfaces. Structured this way, the 
Layers conform to the physics of a Fab- 
ry-Perot cavity—the basic structure of 
most lasers. The emissive Alq sends out 
light that bounces back and forth, am¬ 
plifying until it leaks out one end. (This 
microcavity has yet to yield true lasing.) 


NEGATIVE ELECTRODE 
ORGANIC LAYER 
POSITIVE ELECTRODE 
GLASS SUBSTRATE 
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The Alq emits in all colors, although 
it is strongest in the green part of the 
spectrum. But by varying the thickness 
of one of the inert layers, the workers 
could filter out the extraneous wave¬ 
lengths and make the microcavity LED 
produce light in all colors, even white. 
Also, because the light emerges from 
only one end of the cavity, more of it 
reaches the viewer, unlike the light from 
conventional diode structures, which 
leaks wastefully in all directions. 

The potentially higher efficiency may 
also boost the longevity. Current that is 
not transformed into light becomes 
waste heat, which hastens a diode’s de¬ 
mise. Because a microcavity LED would 
require less current for the same 
amount of light, it should in principle 
last longer. 


Polymer Lights 

O ther investigators are trying to de¬ 
velop LEDs made from polymers 
instead of small organic molecules. The 
most widely used polymers are poly-p- 
phenylencvmylenc, or PPV for short, 
and its derivatives. Richard H. Friend of 
the Cavendish Laboratory of the Univer¬ 
sity of Cambridge and his associates 
discovered the green-yellow glow of PPV 
in 1990. By combining that materia! 
with electrodes made from other poly¬ 
mers or from flexible metal backings 
(like the foil that keeps supermarket 
nachos fresh), researchers have pro¬ 
duced flexible LEDs that give off 2.5 lu¬ 
mens per watt. Driven at 10 volts, the 
light is about as bright as the fluores¬ 
cent lamp in a liquid-crystal display. By 
varying the chemical makeup of PPV, 
they have also teased the full range of 
colors out of the devices. 

So far, however, polymer LEDs have 
plenty of drawbacks. “lifetime issues 
are clearly key to making this curiosity 
into a business," remarks Heeger, now 
at the University of California at Santa 
Barbara. Most polymer LEDs burn for 
only a few hundred hours, when 2,000 
to 10,000 hours is desirable. The main 
cause is inefficiency. The polymer LEDs 
convert no more than 4 percent of the 
current sent through them into light; 
the rest is transformed into waste heat. 
Hence, the diode can shine quite bright¬ 
ly, but the high voltage necessary to 
achieve that intensity comes at the 
price of faster breakdown. 


FLEXIBLE LED consists of an organic 
substance sandwiched between elec¬ 
trodes. A voltage applied to the LED 
sends negative and positive charges 
from the electrodes to the organic layer, 
where they combine and give off light. 











POLYMER SHEETS made of polyamline appear as a lustrous 
pink (left) until doped with iodine, which makes the sub¬ 
stance conduct and colors it blue (right). Weigong Zheng of 
the University of Pennsylvania prepared the material. 


Improved processing might 
extend FEVs life; during man¬ 
ufacturing, unwanted reac¬ 
tions can create defects on 
the polymer chain, which in¬ 
terfere with PPV’s ability to 
glow. Shelf life is also a draw¬ 
back; at the moment, PPV di¬ 
odes last only several months 
in storage because They are 
unstable in air, reacting with 
oxygen and water vapor. Bet¬ 
ter packaging might help. 

Still, polymer LEDs are 
dose to being sufficiently 
bright and efficient for some 
limited applications, Heeger 
states that his company, UM¬ 
AX Corporation in Santa Bar¬ 
bara, "has identified serious 
market opportunities” for 
their flexible LEDs and ex¬ 
pects the first products out 
in the middle of 1996, Cam¬ 
bridge Display Technology, 
which Friend hdped to found, 
also expects to have something market¬ 
able within a year, like small-molecule 
organic LEDs, the polymer LEDs will 
probably first be used in low-level per¬ 
formance areas, such as lights in toys, 
watches and promotional novelties. 

Even if lifetime issues are resolved, 
polymer LEDs may never really see the 
light of day, not so long as the small- 
molecule, Alq-based LEDs surpass them 
in performance. Japan has focused vir¬ 
tually all its attention on the small-mol¬ 
ecule lights. What keeps hope alive in 
the polymer crowd is the potential for 
cheaper manufacturing. Polymer LEDs 
extracted from solutions of chemicals 
may be easier to make than small-mol¬ 
ecule LEDs, which are vacuum-deposit¬ 
ed onto substrates. 

Who Wants Wallpaper That Glows? 

W hether any new kind of LED, small 
molecule or polymer, emerges on 
a large scale depends on manufactur¬ 
ability. "Almost certainly at a cost, any¬ 
thing can be done," Friend notes. “The 
question is whether these things are go¬ 
ing to be cheap.” More to the point, ex¬ 
isting technology is quite adequate. As 
indicator lights, conventional LEDs cost 
only pennies. As backlights, standard 
fluorescent lights are excellent sources, 
remarks Lewis J. Rothherg of Bell Labs. 
For polymer products, he says, "the 
competition is going to be harsh.” 

The color capability of organics could 
also be irrelevant. Why would you need 
a rainbow of hues if you just want to 
know if your amplifier is on? More 
broadly, does a market for a large, roll¬ 
up display truly exist? That question 


still has no dear answer. "People have a 
vision of carrying around a view graph,” 
Rothherg says. "I don’t know if the pub¬ 
lic is going to want that.” 

There is some justification for skep¬ 
ticism. The first commercial products 
incorporating conducting polymeTS 
were actually made a few years ago. In 
the late 1980s the Japanese companies 
Bridgestone and Seiko commercialized 
a rechargeable button-cell battery that 
used polyaniline for one electrode and 
lithium for the other. Milliken and Com¬ 
pany, a textile manufacturer based in 
South Carolina, developed Contex, a 
fabric that consists of common syn¬ 
thetics interwoven with the conducting 
polymer polypyrrale. It just so hap¬ 
pened that the conductivity of the re¬ 
sulting fabric was perfect for "spoof¬ 
ing” radar—that is, interfering with de¬ 
tection by making it appear that the 
signals were going right through empty 
space. It has an advantage over the mil¬ 
itary’s existing radar camouflage nets, 
which rely on incorporated carbon fi¬ 
bers, in that it has no gaps in its signal 
absorption. 

Yet sales of these early products 
proved disappointing. Although the 
polymer-based battery had a longer 
shelf life than did lead-acid or nickel- 
cadmium cells, the technology never 
took off. Heeger explains that the ad¬ 
vantage, though real, was not substan¬ 
tial enough to convince investors to set 
up completely new manufacturing 
plants. Commercialization of Contex 
was perhaps even more discouraging. 
"We were approved as a vendor for the 
A-12 bomber,” remarks Hans H, Kuhn 
of Milliken, "but the bomber was never 


built." While sobered—"I was 
much more of an optimist 
three or four years ago”— 
Kuhn is hoping that the 
army’s interest in camouflage 
nets could revive appeal in 
the material. 

Even conducting polymers 
that have loyal customers may 
not be financially worthwhile 
for a big corporation. Before 
IBM's PanAquas antistatic 
spray coating, Allied-Signal 
offered an analogous product 
named Versacon—the main 
difference being that Versa- 
£ con was a dispersible powder 
t rather than a solution and 
S therefore may not have been 
j as effective or as transparent. 
5 At the time, several compa¬ 
nies considered Versaeon ad¬ 
vantageous and incorporated 
it into such products as paints 
and coatings. Yet Allied has 
abandoned production; the 
volume of sales was simply too low. 
“The major problems for wide applica¬ 
tions remain cost and reliability,” says 
Epstein of Ohio State, 

That does not faze the pioneers of 
conducting polymers, especially be¬ 
cause possibilities beyond electronics 
are conceivable, Epstein has a patent on 
a technique that uses the polymers to 
form "hidden joints." Poly aniline in 
powder form can be sprinkled on two 
pieces of plastic that need to be joined. 
The conducting powder can absorb the 
energy from ordinary microwave ovens 
to heat and fuse two other pieces of 
plastic together, making the two as 
strong as a single piece. 

Baughman and MacDiarmid have 
made plastic electromechanical mecha¬ 
nisms. Two polymers with different 
conductivities would change their lin¬ 
ear dimensions when current flows 
through them, much as the metallic 
strips in thermostats do under varying 
temperatures. The polymers would un¬ 
dergo more dramatic changes in size 
using much less electricity than con¬ 
ventional piezoelectric or electrostatic 
actuators, Baughman says. More than 
just high-tech tweezers, several micro¬ 
actuators coupled together could func¬ 
tion as artificial muscle. 

Certainly there is no shortage of im¬ 
agination, and such immediate uses as 
the dissipation of static charge and the 
shielding of electromagnetic fields are 
dearly viable. But stiff competition from 
present-day devices and marketing con¬ 
siderations may jeopardize hopes of 
having a portable roll-up display to take 
on the commute to work. The newspa¬ 
per may have to do for a while. 
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MATHEMATICAL RECREATIONS by Ian Stewart 


Election Fever in Blockvotia 


T he National Assembly of Block¬ 
votia had just counted the votes 
for the Palmgreasing Slushfund 
Bill, and President Freebie Perks was 
not pleased. His secretary, Penelope, 
was doing her best to calm him down. 

“ Penny, you told me that four of the 
six districts were in favor, including the 
biggest. How did we lose?” 

“IPs the weighted voting system, sir. 
Each district has assigned to it some 
number of votes that is roughly propor¬ 
tional to its population. Here's a table 
showing the details. The total number 
of votes is 31, so any coalition that has 
16 votes, or one more than half of that 
total, can decide the outcome. 

“Sheepshire, Fiddlesex, Slurrey and 
the Porkney Isles voted for the bill. Four 
districts of six, as I said, including the 
biggest. But they have only 1 5 votes. 
The two who voted against have 16." 

“The presidential election is coming 
up next month, and 1 don't want a re¬ 
peat. If we got the Boundary Commis¬ 
sion to give Sheepshire one more vote 
and Candlewick one fewer—* 

Penny shook her head. “I wouldn't 
recommend that, sir. Riclifolk and Can¬ 
dlewick both favor your reelection. 
Sheepshire is wavering, and the other 


three are opposed. Richfolk and Can¬ 
dlewick can block a coalition formed 
by the other four, hut not if you take a 
vote away from either one of them.” 

There was a knock on the door, and 
Charlie Hogg, the representative from 
the Porkneys, stormed in. 

“Mr. President, your so-called demo¬ 
cratic voting system is a farce. The 
Porkneys have no power!" 

“But you have one vote, in proportion 
to your population. Slurrey, which has a 
larger population, also has one vote. You 
actually have more power than Slurrey,” 
“Nope. The outcome of any vote is de¬ 
cided entirely by the three largest dis¬ 
tricts. At least two of them will vote the 
same way, and their combined votes 
will be at least as great as those pos¬ 
sessed by Richfolk and Candlewick, the 
second and third largest districts. That's 
16 votes—a majority. You would get the 
same result in any vote even if the three 
smallest districts had none to cast!” 

“I see. But what can I do about it?” 
“Give us another vote I Then at least 
the three smallest districts could join 
with Sheepshire to produce a tie. If you 
gave Slurrey a second vole, too, we 
could form a winning coalition,” 

“J get it. The total number of votes 


would then be 33,” Penny said. “So 17 or 
more would win. A coalition of Fiddle- 
sex, Slurrey, the Porkneys and Sheep¬ 
shire could force a win.” 

“Yes! Any one of the smallest three 
districts could swing the vote.” 

The Boundary Commission liaison 
officer, Gerry Mander, walked in. “Ger¬ 
ry, can the Boundary' Commission re¬ 
draw the districts so that Slurrey and 
the Porkneys get an extra vote?” Perks 
asked. 

Mander shook his head. “Might swing 
it for Slurrey. But the Porkneys are 
islands.” 

"My constituents won't be pleased,” 
Hogg growled, 

“No. But, as you said, that will have 
no effect, because your district is pow¬ 
erless,” the president chirped, "Don't 
make threats you can't keep, Hogg." 

“You can't be happy that three dis¬ 
tricts alone can put you out of office. 
There must be something you can do,” 
“I could give two votes to Sheepshire.” 
"But extra votes for the biggest dis¬ 
trict can't possibly help the smallest one 
gain a share of power!" Hogg w r ailed. 

"On the contrary,” Perks said. “If 
Sheepshire has two more votes, you get 
a share of the power." 

"Yes,'' Penny said, looking over the 
numbers. "The same coalition musters 
17 votes out of 33; again each of the 
three smallest districts can claim to 
hold the balance of pow-er.” 

“That’s w^eird," Hogg said. “You give 
more power to Sheepshire, and some of 
it miraculously mbs off on us.” 

“No, Hogg, we don’t give them more 
power—we give them more votes,” Pen¬ 
ny sighed. "As you argued, those aren’t 
the same at all. 1 ' 

“Oh, but wait," Perks said. “If power 
isn’t votes, what is it? I need to know 7 . 
Power wins elec Lions.” 

"I think you need the Banzhaf power 
index, sir," Penny said. “In 1965 lawyer 
and activist John F. Banzhaf ni proposed 
a w r ay to measure the power held by 
each member in a weighted voting sys¬ 
tem. The idea is that a representative 
can exercise power either by joining a 
losing coalition and turning it into a win¬ 
ning one or by leaving a winning coali¬ 
tion and turning it into a losing one.” 
“Aren't those the same thing?" 
“That's correct, sir. When you join one 
? coalition, you leave another formed by 
| everybody else. So we need only to con- 
S sider one case—say, creating a winning 


MAP OF BLOCKVOTIA 
shows the size of r he vari¬ 
ous districts. The charts 
list the current voting 
weights and two addition¬ 
al possibilities. 


FIDDLESEX 


VOTING WEIGHTS FOR THE 
DISTRICTS OF BLOCKVOTIA 

AMENDED VOTING 
WEIGHTS 

THIRD-CHOICE 

VOTING WEIGHTS 

DISTRICT 

NUMBER 

OF VOTES 

DISTRICT 

NUMBER 

OF VOTES 

DISTRICT 

NUMBER 

OF VOTES 

SHEEPSHIRE 

10 

SHEEPSHIRE 

to 

SHEEPSHIRE 

12 

RICHFOLK 

9 

RICHFOLK 

9 

RICHFOLK 

9 

CANDLEWICK 

7 

CANDLEWICK 

7 

CANDLEWICK 

7 

FIDDLESEX 

3 

FIDDLESEX 

3 

FIDDLESEX 

3 

SLURREY 

1 

SLURREY 

2 

SLURREY 

1 

PORKNEY ISLES 

1 

PORKNEY ISLES 2 

PORKNEY ISLES 1 



80 Scientific American July 1995 













COALITIONS IN WHICH SHEEPSHIRE IS PIVOTAL 
_ IN A [17; 12, 9, 7, 3,1,1] VOTING SYSTEM 

12 SHEEPSHIRE 
9 RICHFOLK 
7 CANDLEWICK 
3 FIDDLESEX 
1 SLURREY 
1 PORKNEY ISLES 
TOTAL VOTES 

POWER INDEX of Sheepshire in the above voting system is 18, reflect¬ 
ing the number of coalitions in which it plays a pivotal role. Ideally, 
the power index should be made nearly equal among all districts, as 
was done in Tompkins County, New York, in 1982 , 


BOARD OF REPRESENTATIVES, 
TOMPKINS COUNTY, NEW YORK, 1982 



coalition. Suppose that a certain repre¬ 
sentative plays a pivotal role in a coali¬ 
tion: it will win with her and lose with¬ 
out her. The Banzhaf power index for 
any particular representative is the 
number of different coalitions in which 
she plays just such a role. 

"Our original voting system was a [ 16; 
10, 9, 7, 3,1,1] system. The vote need¬ 
ed for a majority is 16; the districts 
have weights of TO, 9, 7, 3,1 and 1. The 
Porkneys could play a pivotal role only 
in those coalitions having exactly 16 
votes. If the group had more votes, it 
would make no difference if the Pork¬ 
neys defected If it had fewer, it wouldn't 
be a winning coalition. But there are no 
such coalitions and so the Porkneys' 
power index is 0. With the president's 
new proposal, we have a [17; 12, 9, 7, 3, 


(A,B,C) 


(A,B) 


(ArB) 



1, 1] system. The Porkneys 
are pivotal in any coalition 
that contains them and has 
precisely 17 votes. There 
are exactly two, so the Pork- 
neys* power index is 2” 

“And Sheepshire?” Perks 
asked. 

“Sheepshire has 12 votes, so it plays 
a pivotal role in any coalition it joins 
having between 17 and 28, or 17-1 
+ 12, votes. You can list those coalitions 
by trial and error. There are 18 of them, 
so Sheepshire's power index is 18." 

"Their population would be 12 times 
ours, but their power would be only 
nine times greater," Hogg exulted. 

"Is there a better method than trial 
and error?” Mander asked. 

“Well, it's best done by computer for 
large systems," Penny said. "For small 
systems such as out own, however, 
there's a nice graphic method. Suppose 
the system is [3; 2,1, 1]. That is, there 
are three voters: A, B and C. A has two 
votes, B and C have one, and three 
makes a majority. 

"First, you draw a lattice diagram that 
shows ail the possible coalitions and 
links them by an edge if they differ by 
just one member. Label each edge with 
the member they do not have in com¬ 
mon. Then mark every pivotal edge 
(red)—where the total vote changes 
from being below the majority to being 
equal to it or above it. The power index 
of any given member is the number of 
pivotal edges bearing 
its label. Here mem¬ 
ber A appears 


MUNICIPALITY 

POP. 

WEIGHT 

POWER 

INDEX 

POWER/ 

POP. 

LANSING 

8 r 317 

404 

4 r 747 

0,571 

DRYDEN EAST 

7 f 604 

333 

4,402 

0,579 

ENFIELD & NEWFIELD 

6,776 

306 

3,934 

0,581 

ITHACA WARD 3 

6,550 

298 

3,806 

0.581 

ITHACA WARD 4 

6,002 

274 

3,474 

0.579 

ITHACA SOUTHEAST 

5,932 

270 

3,418 

0.576 

ITHACA WARD 1 

5,630 

261 

3,218 

0.572 

ITHACA WARD 2 

5,378 

246 

3,094 

0.575 

ITHACA NORTHEAST 

5,235 

241 

3,022 

0.577 

GROTON 

5,213 

240 

3,006 

0.577 

CAROLINE & DANBY 

5,203 

240 

3,006 

0,578 

ITHACA WARD 5 

5,172 

238 

2,978 

0.576 

ITHACA WEST 

4,855 

224 

2,798 

0,576 

ULYSSES 

4,666 

214 

2,666 

0.571 

DRYDEN WEST 

4,552 

210 

2,622 

0,576 

three pivotal edges and so has a 

l power 


on 


index of 3; B and C appear on one piv¬ 
otal edge each, having a power index of 
I. The lattice diagram is a cube. The 
lattice diagrams for bigger systems get 
messy. The one for four members is 
kind of nice, though.” 

'Td be happy if everyone had a pow¬ 
er index roughly in line with their pop¬ 
ulation," Hogg said. 

"It's not so easy,” Penny said. "Let me 
show you how 7 it worked out for the 
Board of Representatives of Tompkins 
County, New York, in 1982. The power 
index was almost exactly proportional 
to the population.” 

“We could try to do something simi¬ 
lar here,” Hogg suggested. 

“Maybe,” the president said slowly. 
“Do you have any studies of the power 
index of the U.S. president. Penny?” 

“Yes, sir. He has a power index 40 
times greater than that of a senator and 
175 times greater than that of a mem¬ 
ber of the House of Representatives." 

"That sounds wonderful.” 

"But the U.S. legislative body as a 
whole holds roughly two and a half 
times more power than the president.” 

Freebie Perks stared at her for a mo¬ 
ment, then he looked Hogg firmly in 
the eye. “I think we'll stick to the pres¬ 
ent system." 


(CD) 


LATTICE DIAGRAMS show a three-member voting sys¬ 
tem (top) and a four-member system (bottom). 
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REVIEWS 


Beauty in the Beast 

Review by Mel Sunquist 
and Fiona Sunquist 

Into Africa, by Craig Packer. Universi¬ 
ty of Chicago Press, 1994 {$ 24.95). 

C raig Packer is engrossed by the so¬ 
cial evolution of animals. Together 
with his wife, Anne Pusey, he has spent 
parts of the past 20 or so years work¬ 
ing in Africa, watching baboons, chim¬ 
panzees and lions in an effort “to solve 
fundamental problems about how co¬ 
operation can arise in a sea of self- 
interest.” Against the wildly dissimilar 
backgrounds of the open Serengeti 
plains and the dripping, disease-ridden 
forests of Combe, Packer, a professor 
at the University of Minnesota, wrestles 
with the basic question of "Why be so¬ 
cial? 1 ’ Why do lions and chimps live in 
groups? Why bother to cooperate? 

To answer these questions, Packer 
works with well-studied populations. 
He builds up a detailed knowledge of 
each animal's personal history—who is 
related to whom, who breeds and who 
does not, and how many young survive 
to have families of their own. To main¬ 
tain continuity in the data, he or his 
students must return to the study site 
every year, conduct a census of adults 
and record the identity and parentage 
of new offspring. 

In Into Africa, Packer deftly uses his 
latest trip as a framework on which to 
hang the story. Traveling with Packer is 
like birdwatching with Roger Tory Peter¬ 
son or going into a kitchen with Craig 
Claiborne as your guide. The enjoyment 
comes not just from the insights into 


the lives of lions and chimpanzees but 
in getting to know Packer as a person. 
He shares impressions, motivations, 
fears, gossip and background rarely 
offered by biologists. He reveals him¬ 
self to be engrossed more by the ques¬ 
tions than by the animals themselves; 
he views baboons, chimpanzees and li¬ 
ons as "abstractions, like well-defined 
characters in a good novel." 

The drive into the Serengeti Research 
Institute sets the park starkly in context. 
We see the Serengeti not just as a vast, 
wild grassland teeming with animals 
but as a 5,000-square-mile protected 
area embedded within a larger African 
civilization of hunting reserves, small 
towns, markets, agriculture and tourist 
lodges. Two million hungry people live 
within SO miles of the park's western 
boundary, in a landscape where lines 
of snares and pit traps dot the river- 
banks. This is not the Serengeti we think 
we know from television specials. 

As Packer drives his graduate stu¬ 
dents around the study site, we, too, 
become Immersed in the sights and 
sounds of the Serengeti, Later he ex¬ 
plains how he began to unravel the Gor¬ 
dian knot of problems that surround 
the issue of cooperative hunting. While 
puzzling over the generally dismal show 
of cooperation displayed by hunting li¬ 
ons in the Serengeti, Packer tries to enter 
the mind of a selfish animal on a group 
hunt. "Think of a doubles match where 
your partner Ls the top seed at the tour¬ 
nament, and you arc a rank amateur,” 
he writes. “When the ball comes over the 
net, what are you going to do? Charge 
around and run yourself ragged, or 
hang back and force your talented part¬ 


ner to cover most of the court?” Among 
the selfish lions of the Serengeti, the an¬ 
swer is to hang back—as long as some¬ 
one else is taking the mortal risk, don't 
bother to get up! 

The lions of the Serengeti spend most 
of the year at the animal equivalent of 
a Christmas dinner table. Elsewhere in 
Africa, where prey is much scarcer, li¬ 
ons often do hunt cooperatively. These 
conflicting observations, once a source 
of argument, now fit neatly into the 
theory' that animals hunt cooperatively 
only when they have to. 

After a couple of weeks with the lions, 
Packer heads for Gombe, the site of Jane 
GoodalTs three-decade-long study of 
chimpanzees. Compared with the “big 
sky” splendor of the Serengeti, Gombe 
is a dark, sodden place full of snakes, 
biting insects and steep hillsides cov¬ 
ered with tangled vegetation. Fieldwork- 
ers constantly battle the elements just 
to move around, let alone follow ba¬ 
boons or chimpanzees and collect data. 
On one occasion. Packer and another re¬ 
searcher are caught in a tropical down¬ 
pour; “The storm finally breaks free, 
and we can only brace ourselves, there 
is no place to hide. The air is white with 
rain; we stand facing the ground to keep 
from choking. The baboons sit like Bud¬ 
dhas with their eyes closed.” 

Returning after several years' ab¬ 
sence, Packer scans the faces of the 
children and grandchildren of the ba¬ 
boons he studied years ago and rc- 


ARLWDANT PREY, such as these wilde¬ 
beest make hunting comparatively easy 
for the lions of the Serengeti. 














marks regretfully that there is no easy, 
objective way to recognize these ani¬ 
mals. Unlike lions, they cannot be iden¬ 
tified by whisker rows and spots, then 
catalogued in a card index file; their 
faces must be learned and stored in 
the minds of human observers. 

Recollecting his student days at Corn- 
be two decades earlier, Packer regales 
us with the highs and lows of living 
and working in this famous 12-square- 
mile patch of forest. In the early 1970s, 
when research at Gombe was at its 
peak, as many as 18 graduate students 
lived, played and worked there. Al¬ 
though field conditions were arduous 
and the hours incredibly long, a sense 
of community prevailed—“the Gombe 
spirit,” as Goodall called it. Remarkable 
scientific discoveries took place there, 
including the first observations of can¬ 
nibalism among chimps and chimpan¬ 
zee warfare—male groups invading, at¬ 
tacking and cooperating to pin down 
and kill an opponent. 

There were also hauntingly bad times 
at Gombe. A female graduate student 
died, probably having fallen off a cliff 
while following a group of male chim¬ 
panzees. One terrible night 40 armed 
men stormed the camp and kidnapped 
an administrator and three Stanford 
University students. Those events re¬ 
sulted in major procedural changes. In 
place of the graduate students, Tanza¬ 
nian fteldworkers now do most of the 
chimp following but not just as unin¬ 
volved day laborers. They discuss their 
day in the forest in excited detail, relat¬ 
ing new moves by the chimps and talk¬ 
ing about who did what to whom. The 
spirit of discovery and teamwork re¬ 
mains, Gombe should be a model for 
long-term field studies everywhere. 

Apart from longing for more photo¬ 
graphs and a detailed map to follow 
Packer's journey, one closes Into Africa 
with a sense of satisfaction. Not only 
have we explored a part of the world 
that must rank high on the agenda of 
every armchair traveler, but we have 
ventured behind the scenes of the tele¬ 
vision specials on animal behavior to 
experience what it is like to be there, 
doing the research. We have come to 
know our guide and have enjoyed being 
with him despite, or perhaps because 
of, his driven, worried and intestmally 
challenged companionship. Packer has 
done what few have been able to do. He 
has put a face on a real wildlife biologist. 


MEL SUNQUIST is an associate pro¬ 
fessor in the department of wildlife ecol¬ 
ogy and conservation at the University 
of Florida . FIONA SUNQUIST is a sci¬ 
ence writer and roving editor for Inter¬ 
national Wildlife. 


Crowd Control 

Review by Virginia Deane Abemethy 

Critical Masses: The Global Popu¬ 
lation Challenge, by George D. Mof¬ 
fett, Viking, 1994 ($26.95). 

T he author's journalistic background 
forms the touchstone of this in- 
depth exploration of the perils of over¬ 
population. George D. Moffett's skillful 
weaving of facts and anecdotes vividly 
conveys the population-driven environ¬ 
mental, social, political and economic 
disintegration that is occurring world¬ 
wide; unfortunately, he also credulously 
repeats some of the bankrupt conven¬ 
tional wisdom about how to confront 
the current situation. The book's great¬ 
est strength derives from the extensive 
interviews he has conducted with men 
and women from all walks of life. These 
quotes and paraphrases open a window 
on the calculus underlying survival 
strategies and family-size decisions in 
diverse settings ranging from Cairo to 
Thailand to Guatemala, 

The comment? elicited by Moffett 
support my own findings (which I have 
set out in Population Politics and else¬ 
where) that a sense of limited environ¬ 
mental resources and of deteriorating 
economic opportunity strongly encour¬ 
ages people to exercise reproductive 
and marital caution. In Cairo, he writes, 
“housing shortages have forced thou¬ 
sands of couples to delay marriage, 
sometimes for years.” In Thailand, “Sam 
Ruang would like to have one more 
child, but he understands that that is 
beyond his means." In Mexico a 32-year- 
old mother of two defends her use of 
contraceptives to the village priest, say¬ 
ing that “‘things are difficult here. A 
majority of people are having hard 
times. Jobs are hard to come by. 1 ” 

A further brake on fertility comes 
from the new r pattern of international 
lending, in which loans are tied to the 
important contingency that the recipi¬ 
ent governments implement austerity 
measures. Moffett observes that the 
Mexican government “has turned ad¬ 
versity to good account, communicat¬ 
ing the message that because of the 
country's protracted economic crisis, 
more children means less for every one.” 
When the Kenyan government elimi¬ 
nated subsidies for education, “faced 
with the need to shoulder the costs of 
education alone, many parents have re¬ 
sponded by embracing family planning 
and having fewer children.” 

Drawing on bis own extensive re¬ 
search and scientific background, Mof¬ 
fett writes that “the inverse relationship 
between living costs and childbearing 
Is found throughout the developing 


world.” That conclusion is congruent 
with a recent report on acceptance rates 
of contraceptives among the Yoruba in 
Nigeria. John Caldwell, a respected de¬ 
mographer, stated that “two-thirds of 
all respondents claimed that the major 
force behind marriage postponement 
and the use of contraception to achieve 
it was the present hard economic con¬ 
ditions." Many of Caldwell’s informants 
also perceived that as local crowding 
increased, children seemed more sus¬ 
ceptible to dying, and they viewed this 
connection as a deterrent to frequent 
childbearing, counter to what is often 
assumed. 

The policy implications are not ar¬ 
cane. On the contrary, they are all too 
clear but do not sit well with the inter¬ 
ventionist-internationalists (a cabal well 
represented in the media), who espouse 
the 50-year-old demographic transition 
model, which justifies blanket foreign 
aid aimed at increasing personal wealth. 
Unfortunately, the journalist in Moffett 
quickly retreats from his rich data in 
favor of the conventional tenets. He is 
soon laying out the need for economic 
development and reporting that half of 
a successful family-planning policy en¬ 
tails “continuing efforts to alleviate 
poverty and raise living standards.” Yet 
by Moffett's own account, it is percep¬ 
tion of the fact and threat of declining 
living standards that have induced 
countless people to limit family size. 

Indeed, the data suggest—but well- 
meaning people are loath to state—that 
past government subsidies of food, 
housing, health care and education 
(made possible by international devel¬ 
opment aid) were counterproductive 
precisely because they fostered images 
of abundance and prosperity. 1 have 
found that fertility stays high and may 
in Fact rise under such circumstances. 
History provides numerous examples 
of fertility 7 rising in response to expan¬ 
sion of the ecological niche, whether as 
a result of innovative technology, im¬ 
proved crops, new sources of income, 
escape through migration, or a popu¬ 
list political change that promises to 
redistribute wealth. 

It is telling that those few of Moffett's 
informants who remain comfortable 
with large family size are the very 7 ones 
who still perceive a frontier of opportu¬ 
nity. Guatemalan Lopez Alala, for ex¬ 
ample, was a pioneer logger in the Peten 
region, a virgin forest opened to settle¬ 
ment in the early 1970s. He and his fel¬ 
low families average nearly eight chil¬ 
dren each. Lopez anticipates that his 
children’s families will be of similar size 
and expects also that “the forest will 
be there for them to clear.” Who but the 
willfully blind would not speculate that 
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PACKED MARKET reflects the huge population of Cairo. Would economic develop 
ment really slow population growth, as is commonly assumed? 


Lopez's grand procreative strategy 
might be linked to his optimism? 

Every time Moffett mentions the “de¬ 
mographic transition model" as a pre¬ 
scription for slowing population growth, 
it chill s the blood : cash infusions that 
subsidize consumption seem only to 
fuel high fertility. The larger part of his 
recommendations are sound, however. 
In the excellent chapter called “A World 
Population Plan of Action," he describes 
the importance of getting contraceptive 
services to impoverished peoples and 
hard-to-reach constituencies, a chal¬ 
lenge that often involves overcoming 
the concerted objections of entrenched 
religious entities. Moffett rightly cites 
improved employment opportunities 
for women as another promising strat¬ 
egy for limiting family size. Case stud¬ 
ies show that women who work in the 
cash economy, however menially, rec¬ 
ognize the cost of time spent raising 
children and so are more willing to lim¬ 
it the number of offspring. 

But Moffett and others are also 
ready—too ready, in my opinion—to 
spend scarce resources on women's ed¬ 
ucation and health care. Although these 
services arc desirable in themselves, 
the evidence linking them to lower fer¬ 
tility is correlational and open to multi¬ 
ple interpretations. Nevertheless, health 
and education were part of the main¬ 
stream credo of the International Con¬ 
ference on Population and Development 
held in Cairo last September. 

With the caveats given, Moffett's book 
can be recommended for those who 
want a lively and provocative introduc¬ 
tion to the world population crisis. It is 


a challenge for the reader to sort out 
real data from rote repetition of demo¬ 
graphic transition theory. The problem 
is important enough, one hopes, to spur 
policymakers and informed citizens to 
consult a wider reference list. 


VIRGINIA DEANE ABERNETHY is pro 
fessor of psychiatry and anthropology 
at the Vanderbilt University School of 
Medicine and author of Population Pol¬ 
itics: The Choices That Shape Our Fu¬ 
ture (Plenum Press, 1993). 


Road to Nowhere 

Review by Joseph 1 M Silk 

Thf physics of Immortality: Mod¬ 
ern Cosmology, God, and the Res¬ 
urrection of the Dead, by Frank J. 

Tipler. Doublcday, 1994 ($24.95). 

T he dividing line between science 
and science fiction is surprisingly 
soft. One might hope that scientists 
would strive to maintain the division 
from their side. Recent books suggest 
otherwise. Not long ago we had Kip 
Thome taking the theory of general rel¬ 
ativity via Black Holes and Time Warps 
into the uncharted territory of time ma¬ 
chines. Now, in The Physics of Immortal¬ 
ity ; Frank J. Tipler, a professor of math¬ 
ematical physics at Tulane University, 
vigorously attempts to drag relativity' 
through the doors of the church. 

Tipler takes us one large step further 
than Thome does beyond the pale of 
scientific respectability. He uses big 
bang cosmology to prove the existence 


of God, specifically a loving God who 
will resurrect us all to eternal life. Tipler 
claims that theology is simply a sub¬ 
branch of physics and that God is what 
he defines as the Omega Point: the end 
point to our universe, when the future 
big crunch will provide an inexhaust¬ 
ible supply of energy (from the release 
of gravitational energy liberated by the 
collapse of the cosmos). Armed with 
that energy and a corresponding ability 
to store information, a supercomputer 
of the future—also known as God—will 
attain unlimited power, resurrect the 
dead and bestow all sorts of blessings 
on humanity. 

Most cosmoiogists are prepared to 
accuse Tipler of the direst crime, per¬ 
petrating a hoax of Piltdown Man pro¬ 
portions. Yet the reading public seems 
eager to embrace Tipler’s theology. Even 
Wolfhart Pannenberg, an eminent Ger¬ 
man theologian, has spoken out in its 
defense. To provide a veneer of sophis¬ 
tication, Tipler appends many pages of 
mathematical notes, which generate an 
almost impenetrable aura of erudition. 
Immortality, he purports to prove, is an 
inevitable consequence of general rela¬ 
tivity and quantum theory. When Tipler 
starts using physics to prove the exis¬ 
tence of God, the scientist tunes out. 
But is dabbling with God any more in¬ 
sidious than musing about time travel? 
And where does Tipler go wrong, if in¬ 
deed he is guilty of the alleged crime? 

Other researchers have already soft¬ 
ened up the God-seeking audience. 
Physicists far more mainstream than 
Tipler have equated God with such fun¬ 
damental entities as a set of equations 
or the Higgs boson, an undiscovered el¬ 
ementary’ particle. European countries 
are pouring billions of dollars into the 
Urge Hadron Collider for the Higgs 
search. Particle physicists flock around 
“theories of everything" (which aim to 
explain the very basis of existence) like 
moths around a flame. 

Even observational cosmoiogists have 
entered the God stakes. George Smoot, 
the leader of the National Aeronautics 
and Space Administration team that 
discovered fluctuations in the cosmic 
microwave background, described his 
achievement as seeing ‘'the face of God. 1 ’ 
Paul Davies, seldom far from the fore¬ 
front of cosmology, has already written 
two books in which he identifies God 
as a quantum cosmologist. Never one 
to be bashful, Stephen W. Hawking de¬ 
clared God unnecessary. Hawking pro¬ 
poses that the universe has no bound¬ 
ary in space or time, rendering a divine 
Creator superfluous. 

Tipler takes a very different, personal 
tack that carries him into uncharted ter¬ 
ritory light-years beyond Davies, Hawk- 
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GOD PRESIDES over the Ptolemaic universe in Martin Luther's 
bible. In a twist on traditional theology, Frank J. Tipler wants 
to build a modem God from the taws of physics. 


mg and their ilk. Tipler's 
theology, for instance, em¬ 
braces not just cosmic struc¬ 
ture but human sex: thanks 
to the Omega Point, “it 
would be possible for each 
male to be matched not 
merely with the most beau¬ 
tiful woman in the world, 
not merely with the most 
beautiful woman who has 
ever lived, but...with the 
most beautiful woman 
whose existence is logically 
possible." In this process, 
our bodies can acquire the 
most desirable characteris¬ 
tics, and unrequited love is 
certain to be requited. This 
astonishing vision, we are 
told, stems directly from ap¬ 
plication of Einstein's the¬ 
ory of general relativity. 

TipLer's bold assertions 
test the limits of how far 
science can take us in the 
ageless quest for an omni¬ 
scient and omnipotent de¬ 
ity. Physics is far from con¬ 
fronting consciousness. For 
now, biologists laugh at the 
notion that quantum gravi- z 
ty could provide vital clues § 
to the origin or evolution of y 
life. Yet Tipler envisages a 8 
supercomputer of the fu¬ 
ture that will be able to res¬ 
urrect human beings in full: 
our memories of passion, 
our thoughts of beauty, our 
dreams and desires. 1 con¬ 
cede that one must remain 
open-minded regarding any 
predictions about the capabilities of 
supermachines billions of years in the 
future, but I cannot really believe what 
Tipler describes. 

My confidence in Tipler’s grand pre¬ 
dictions is not strengthened by the gap¬ 
ing holes in his more specific assertions. 
Consider the claim that he has made 
elsewhere, and repeats in The Physics of 
Immortality, that the universe cannot 
be teeming with life, because if it were 
we would have already found artifacts 
of ancient alien civilizations in the so¬ 
lar system. This fallacious argument ig¬ 
nores the likelihood that any advanced 
civilization capable of colonizing the 
galaxy would have developed the abili¬ 
ty to hoodwink and hide from any ter¬ 
restrial simpletons they encountered. 

The assertion that our fate in a col¬ 
lapsing universe will enable us to unlock 
the gates of heaven is equally flawed, 
lor a simple reason. When the universe 
was one minute old, it was about as hot 
and dense as the center of the sun. We 


are quite confident of this description 
because of the remarkable success that 
the big bang theory' has had in predict¬ 
ing the abundances of the light ele¬ 
ments, which were synthesized in the 
first few minutes. In the distant future, 
if the universe does ultimately collapse, 
it would return it to a similarly hot, 
dense state. No room there for any su¬ 
percomputer or for any recognizable be¬ 
ing. Sex would not be much fun at 100 
million kelvins. It seems that Tipler has 
constructed hell rather than heaven. 

Can this man actually believe what 
he writes? Or is he the Don Quixote of 
modem physics, tilting at imaginary 
windmills? Even these questions are al¬ 
most beside the point. Tipler 1 s illustri¬ 
ous predecessors in cosmology have 
presented hypotheses in which they al¬ 
legedly did not believe. Tipler's real 
crime is to have cheapened physics by 
bringing it down to the level of a reli¬ 
gious cult. 

This pandering does a disservice to 


science. It may sell books, 
but it alienates philosophers, 
if not theologians. Reduc¬ 
tion sm does not work any 
longer, even in physics. Nor 
does physics begin to tap 
the depths and complexity 
of biological structures. Life 
is likely to involve far more 
than a set of equations. I 
would contend that as many 
mysteries may reside in the 
uncertain boundaries at crit¬ 
ical phase transitions as in 
the physical regimes amen¬ 
able to algorithmic computa¬ 
tion. One has to go beyond 
physics to comprehend the 
full complexities of nature. 

Physics, for good reason, 
was bom, and still resides in 
some circles, as natural phi¬ 
losophy. Physics and philos¬ 
ophy enrich each other, in a 
relationship that deserves to 
be more than a mere relic 
from the amateur inquirers 
of that bygone era. Why 
should modem physicists 
give a hoot about philosoph¬ 
ical issues? The reason, as I 
see it, is to keep the science 
in perspective, a notion that 
Tipler has lost. 

Older, established physi¬ 
cists often have turned their 
thoughts toward religion. 
Steven Weinberg writes that 
"the more the universe seems 
comprehensible, the more it 
also seems pointless," which 
runs counter to Einstein's 
more optimistic philosophy, 
shared by many scientists, 11 God is sub¬ 
tle, but He is not malicious." Davies in¬ 
sists that “science offers a surer path 
to God than religion." And Hawking of¬ 
fers his dream: "Then we shall all, phi¬ 
losophers, scientists and ordinary peo¬ 
ple, be able to take part in the discus¬ 
sion of the question of why it is that we 
and the universe exist. If we find the 
answer to that, it would be the ultimate 
triumph of human reason—for then we 
would know the mind of God." 

Such thoughts complement theology 
and are not a substitute; Tipler, howev¬ 
er, takes the search for a science of God 
to a ridiculous extreme. Humility- in the 
face of the persistent, great unknowns 
is the true philosophy that modem 
physics has to offer. 


JOSEPH I. SILK is professor of astron¬ 
omy and physics at the University of 
California, Berkeley, and author of A 
Short History of the Universe (Scientific 
American Library ; 1994). 
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ESSAY by Anne Eisenberg 


Rest and Relaxation on the Net 


H e's probably playing a MUD, that 
teenager who once spent rapt 
hours reading Robert Heinlein. 
MUDs (from Multi-User Dimension and, 
earlier, Multi-User Dungeon) are adven¬ 
ture games that operate on computer 
networks. At least 300 MUDs run on the 
Internet, set anywhere from Camelot 
(you wake up alone in a dark forest) to 
the future (your planet is being attacked 
by Romulans). The games combine role 
playing and problem solving with what 
is called a chat feature—players can type 
messages to one another that appear 
on-screen within seconds. MUDs lack 
the visceral graphics of arcade games; 
in fact, they have no graphics whatso¬ 
ever. MUDs are, as they say in the com¬ 
puter industry, text-based, meaning 
that only words, not exploding space¬ 
ships or slain dragons, appear on the 
monitors. The action plays out not in 
images but in the imagination. 

MUDs fascinate college students, who 
log on late in the evening to chat and 
play through the night. (“When you get 
tired of talking, you can always go back 
to killing,'* one student explained.) MUDs 
and their many variations, such as 
MUSHs, MOOs and MUCKs, are exam¬ 
ples of the thousands of on-line enter¬ 
tainments collectively known as Net 
games. A multitude of users stands 
ready to play these games, poised for 
the next round of chess, LambdaMOO 
(the most popular MUD), the World 
Wide Web pop culture scavenger hunt, 
trivia court, e-wrestling and I Ching. 

Innocents who have confined them¬ 
selves to the occasional hand of soli¬ 
taire on the PC are just beginning to dis¬ 
cover how 7 seductive Net games can be. 
In the elastic space of the Internet, a 
world of insidious habits aw r aits—a fact 
well known to researchers who must 
shoo postdocs deeply engrossed in Ne- 
trek tournaments away from the Silicon 
Graphics workstations. (Netrek is an on¬ 
line evolution of Star Trek. It is martial, 
addictive and so complex it requires two 
hands to play: one for the mouse, the 
other for the dozens of keystroke com¬ 
mands needed for a blood-stirring dog¬ 
fight, Netrek is graphical, not text-based, 
the better to spot the wrinkling green 
spaceships of invading Klingons w 7 arp- 
mg onto the high-resolution monitor.) 
Net games can be a vast time sink. In 


a version of Netrek called Paradise, for 
instance, a typical player's age—the term 
for the amount of time actually docked 
by a Netrekkie during competition—is 
two to three weeks. (Procrastinating 
doctoral candidates will, of course, have 
far higher stats.) 

From their beginnings, interactive 
games have fascinated the technically 
minded. In 1962, inspired by sdence 
fiction writer E. E. “Doc" Smith, a young 
programmer named Steve Russell cre¬ 
ated Space war, a game designed to run 
on a Digital Equipment Corporation 
PDP-1 computer. Players faced their 



SPACEWAR TOURNAMENT in 1962 
presaged the rise of modem Net games. 


toggle switches and cathode-ray tube 
displays and never looked back. Within 
weeks, the game—an addictive combi¬ 
nation of strategy, reflexes and life-or- 
death combat—propagated through the 
Arpanet, an early computer network. 

Hackers created and passed on re¬ 
fined versions of the game from one re¬ 
search center to the next. Stewart Brand, 
best known as the founder of the Whole 
Earth Catalogue, recorded the experi¬ 
ence of watching several hundred peo¬ 
ple “ruining their eyes, numbing their 
fingers, joyously slaying their friends 
and wasting their employers 1 valuable 
time.” As companies switched from 
hatch computing to workstations, elec¬ 
tronic tournaments invaded the busi¬ 
ness world. A computer scientist re¬ 
members the excited whisper of a col¬ 
league when their company first bought 
Imlacs: "Ifs a workstation. You can play 
games on it™ 

Scientists tend to be a playful lot, so 
it comes as no surprise that they are 
drawn to gaming on the Net. In Natu¬ 
ralist, E. 0. Wilson credits “bright minds 


at play" for most scientific achieve¬ 
ments. That love of play is probably also 
responsible for untold hours lost in the 
Bermuda Triangle of on-line games. In 
the years since the appearance of Space- 
war, the Arpanet has grown into the In¬ 
ternet; parents who once banned TV 
have switched to banning modems; 
and Brand—who dubbed the midnight 
Spacew^ar gatherings in 1962 as “a crys¬ 
tal ball of things to come*'—has turned 
out to be absolutely right. 

Y ou do become a wonderful typist. 

In Genocide, for instance, one of 
the most complicated and fast-moving 
MUDs, a player who wishes to remain 
among the living must fend off a doz¬ 
en competitors at a time, each of them 
sending lines of text that must be read 
and rebutted instantly. Those who thrive 
in this and in other Net game worlds 
must be both fast and accurate on the 
keyboard. To save time, players learn 
aliases—standard, shortened forms of 
their game's lexicon. K is usually for 
kill, of course; ki is for a more romantic 
moment (“Kiss whom?" the screen will 
prompt politely if you are not specific). 
Cac may represent cackle (the screen 
will read, “You throw back your head 
and cackle with insane glee*'). Choose 
n and see, “You head boldly north for 
the deserted monastery." Once inside, 
try lo (look) to check out the mysteri¬ 
ous books on the refectory- table. 

The abbreviations on the chat lines 
that accompany MUDs tend toward the 
starkly phonetic. “Sec” has become c, 
“you” has turned into u, and "ex-” (as in 
“expert") has reduced itself to x. Among 
younger players, numbers replace let- 
ters when writers want to show off their 
Net savoirfaire: l becomes 1, e. becomes 
3 (a laterally reversed E). Using this or¬ 
thography, “elite," a w r ord of highest 
praise among youthful gamers, becomes 
31331 College-age players who learn 
aliases to increase their combat speed 
scorn complicated coinages like 31331 
that may slow their response time. Be¬ 
sides, one of them explained to me on¬ 
screen, “It's kid stuff.” Then he signed 
off to his friend on the MUD with char¬ 
acteristic elan, Bi, he typed, C u ISr. 


ANNE EISENBERG (aeisenb@duke.poty. 
edu) is a professor, writer and occasion¬ 
al game player at Polytechnic Universi¬ 
ty in Brooklyn t N.Y. 
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